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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to processes for producing electrical insulating varnishes used for insulating materi- 
als or adhesive films for printed circuits boards which can comply with the request for smaller thickness and higher wir- 
ing density of such circuit boards on which electronic parts are mounted, and multilayer printed circurt boards made by 
using such insulating varnishes. . 

Printed circurt boards are usually produced by forming circuits on copper-clad laminates obtained by laminating 
coooer foils and prepregs and molding the laminates by heating under pressure 

Multilayer printed circuit boards are manufactured by forming circuits on the surfaces of multilayer copper-clad lam- 
inates having inner layer circuits formed therein, which laminates have been obtained by hot-pressure laminating said 
printed circuit boards, or those boards and copper foils, with prepregs interposed therebetween. 

As prepregs tor printed circuit boards, there have been used glass doth prepregs obtained by impregnating a resm 
in glass cloth and drying the resin into a hatf-curedstate. In manufacture of multilayer printed circurt boards, adhesive 
films made of half-cured resins having film forming properties, which are prepregs contain.ng no glass doth, such as 
disclosed in JP-A-6-200216 and JP-A-6-242465, or adhesive films having a copper foil formed on one side, such as 
proposed in JP-A-6-196862, have been used beside said glass doth prepregs. 

When the term "film forming properties- is used in this specification, it means the quality of the resin which is unsus- 
ceptible to such trouble as cracking or chip-ofl during transport, cutting, lamination and other works of prepregs and to 
troubles in the ensuing hot-pressure molding, such as abnormal diminution of the interlayer insulating layers at the 
areas where the inner layer circuits are present, lowering of interlayer insulation resistance, and short-circuiting. 

The recent years have seen sharp acceleration of the tendency to smaller size and weight, higher performance and 
lower production cost of eledronic devices, consequently calling for higher packaging density, smaller thickness, higher 
reliability and lower cost of the printed drcuit boards used in such electronic devices. 

For realizing higher density of printed drcuit boards, finer wiring is essential, and this requires good surface flatness 
and high dimensional stability. Formation d fine through-holes and/br interstitial via holes (IVH) and good laser drilling 
workability are also demanded. For obtaining higher surface flatness, it is necessary to enhance fluidity of the rean dur- 
ing multilayer laminate molding, and this purpose can best be met by use of a thermosetting resin such as epoxy resin. 

Epoxy resins however, show high fluidity because of low molecular weight at the stage before mdding and are 
incapable of forming a sheet-shaped insulating material. Hitherto, therefore, prepregs prepared by impregnating an 
insulating resin in a reinforcing base material such as glass doth have been used for forming the insulating layers, but 
it has become hardly possible for these conventional prepregs to answer to the above requirements. 

The glass doth generally used for prepregs at present has the spaces between the yarns (glass fiber bundles) 
enlarged proportionally as its thickness is reduced. Therefore, the smaller the thickness of the cloth, the higher 
becomes the probability of occurrence of a phenomenon in which yarns are bent or the warp and weft, which normally 
ought to cross at right angles, fail to cross at right angles. This phenomenon tends to cause an abnormal dimensional 
change or warping after hot pressure molding. Further, the smaller the thickness of glass cloth, the greater are the 
spaces between the yarns, hence the lower becomes the volume fraction of prepreg f bers. resulting in a reduced ngid- 
ity of the interlayer insulating layer. This tends to enlarge dimensional deflection in the steps, such as parts packaging 
step, after working of outer layer drcuits. 

The minimal permissible thickness of currently used glass doth is 30 jim. and the thickness of prepregs using glass 
cloth of such minimal thickness is about 40 urn. If the resin proportion is reduced for making the prepreg thickness 
smaller than this, resin filling of the recesses of inner layer drcuits is adversely affeded, allowing formation of voids. 
Also thickness reduction of glass cloth beyond the above limit invites corresponding lowenng of strength of the cloth 
itself so that the glass doth becomes liable to break in the step of immersion of the glass doth in the resin, making it 
diff icult to produce the desired prepregs. Another problem of the multilayer printed drcuit boards made by using these 
glass doth-based prepregs is that there tends to take place center deflection or lost of core center due to ununiform 
distribution of glass cloth during fine drilling, resulting in break of the drill. Due to the presence of glass fibers, laser dnH- 
ing efficiency is low and unevenness of inner layer drcuits tends to emerge on the surface to degrade surface flatness 
of the board Therefore, use of the presently available glass doth-based prepregs can not accommodate the mounting 
requirements for higher packaging density and smaller thickness of the multilayer printed drcuH boards 

On the other hand, the aotiesrve films or copper-failed adhesive films made of prepregs containing no glass cloth 
have the advantage of enabling production of the circuit boards with smaller thickness and are also prominent in fme 
drilling workability laser drilling effidency and surface flattening performance. However, the multilayer printed circuit 
boards made d these prepregs are intolerably low in rigidity because of absence d glass cloth base in the outer insu- 
lating layers This low rigidity is most manifest under high temperatures and causative of positional deflection during 
packaging of parts. It is also responsible for poor wire bonding workability. Further, because of large thermal expansion 
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coefficient due to the absence of glass cloth in the outer insulating layers, the difference in thermal expansion between 
the board and the packaged parts is large, hence reliability of connection to the packaged parts is low. Also, cracking 

zor^reak tends to occur at the solder joints due to thermal expansion or contraction of the board as it is heated or cooled. 
Thus, with the adhesive films or copper-foiled adhesive films made of the currently used glass cloth-free prepregs, it is 
5 hardly possible to comply with the rising request for higher packaging density and smaller size of the multilayer printed 

-circuit boards. 

As a new insulating material that can meet the requests for higher packaging density, smaller size, higher reliability 
and lower cost of multilayer printed circuit boards, which could not be attained with the conventional prepregs, there has 
been offered a sheet-like insulating material produced by casting a varnish containing no glass cloth and having elec- 

10 trical insulating whiskers dispersed in the insulating resin for shape retention. It was found, however, that this insulating 
material also had the problems. For instance, for dispersing electrical insulating whiskers in the insulating resin, a spe- 
cific mixing equipment is required, and it is also essential to conduct an appropriate surface treatement of the electrical 
insulating whiskers used. It was found that even if these requirements are met. the produced insulating material could 
still cause improper insulation when it is used for multilayer printed circuit boards. 

75 The electrical insulating whiskers have a tendency to aggregate in the dry state, so that for properly dispersing 
these whiskers in the insulating resin, it is necessary to use a specific mixing equipment or to apply a proper surface 
treatment on the whiskers. Even if these requirements could have duly been dealt with, it is still impossible to perfectly 
eliminate the aggregates of these whiskers. 

In the multilayer printed circuit boards, the insulating layers are provided with a greater thickness than the inner 

20 layer circuits for ensuring filling of surface unevenness of the inner layer circuits. For reducing the overall thickness of 
the multilayer printed circuit boards, it is desirable to lessen the insulating layer thickness as much as possible within 
limits that allow retention of required insulation. In view of this, the insulating layer thickness is usually set to be 25 to 
100 jim. Regarding the size (length) of the aggregates of electrical insulating whiskers, when we procured the commer- 
cial whiskers by designating their average length to be 30 jim, the procured whiskers included those having a length 

25 exceeding 50 jim. some of them being longer than 300 jim. In case a sheet-shaped insulating material using these elec- 
trical insulating whiskers is applied to multilayer printed circuit boards, a varnish containing such lengthy electrical insu- 
lating whiskers or the aggregates thereof mentioned above is used, so that these whiskers or the aggregates thereof 
tend to contact each othere between the conductors to cause improper insulation such as observed when using con- 
ductive anodic filaments (CAF). 

30 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a process for producing an insulating varnish having excellent elec- 
trical insulating performance and beneficial to solution of the above problems. 
35 Another object of the present invention is to provide a process for producing a multilayer printed circuit board using 
said insulating varnish. 

The present invention provides a process for producing an insulating varnish, which comprises adding an ion adso- 
bent or an organic reagent for preventing injury from copper to a resin varnish containing electrical insulating whiskers. 

The present invention further provides a process for producing an insulating varnish, which comprises refining a 
40 resin varnish containing electrical insulating whiskers by passing it through a filter. 

The present invention also provide a process for producing an insulating varnish, which comprises preparing a 
slurry of electrical insulating whiskers by stirring said whiskers, which show cohesiveness in a dry state, in an organic 
solvent, and blending this slurry in a resin varnish, followed by further stirring. 

The present invention is to provide a process for producing an insulating varnish, which comprises preparing a 
45 slurry of electrical insulating whiskers by stirring said whiskers in a resin varnish, and milling this slurry by a beads mil. 

The present invention still further provides a process for producing an insulating varnish, which comprises prepar- 
ing a slurry of electrical insulating whiskers by stirring these whiskers in a resin varnish, and milling this slurry by a 
three-roll mill. 

~ : : The present invention also provides a process for producing an insulating varnish, which comprises blending a 
5© nc. resin component with a solution comprising electrical insulating whiskers and a solvent for surface treatment of said 
for whiskers. 

The present invention further provides a process for producing multilayer printed circuit boards using said insulating 
in-- varnishes. 

55 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The insulating varnishes provided in the present invention comprise a base resin, electrical insulating whiskers, and 
optional additives such as ion adsorbent and an organic reagent for preventing injury from copper. 
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These insulating varnishes can be produced from the various processes described below. 

; - irst embodiment of the present invention] 

The insulating varnish producing process according to the first embodiment of the present invention comprises 
adding JSSK" an orgartic°eagent for preventing injury from copper to a resin varnish contam.ng electncal 

'^SotuSof quest for the cause of improper insulation observed when an irsutoting materia, made by an 
insuS Snaking electrical plating whiskers is used for the manufacture of mulWayer pnnted arcurt boards^ 
four* that such improper insulation can be accounted fa by the fact that in case dsperaond 
SSls in the insuSn^mish is improper, there exists an area of inadequate or |nrperfe^adhe- 
between said insulating whiskers and resin, allowing diffusion of water through tm interface to 
exo^ttedutionof copper of the copper foil by the action of ionic impurities in the insulating layer. Further stud.es on 
S£S£S£ P^nt invento^Save led to the remarkable finding that addition of an ion adsorbent oranorganc 
Sgem foVp^enfng injury from copper to an insulating varnish is effective for enhanong .nsulation rehab** ■* >** 
EE£tSZ* blended with electrical insulating whiskers in its use as a component matena. of multilayer pnnted 
circuit boards. The present invention is based on this finding. 

The essentials of the first embodiment of the present are explained below. 

20 (Ion adsorbent) 

Inoraanic ion adsorbents are preferably used in the present invention. Inorganic adsorbents are divided into two 
type^S^lTch simply a£orb ions and inorganic ion exchangers which perform ion exchange by takmg up 
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inn* of oooosite charge. There are the ones which have both of these properties. 

StSS^ inorganic materials which separate ions through mass transfer from a Jk,u.d or sdrtby availing 
of j££££> rous sol£ Exanp.es of such ion adsorbents include inorganic matters such as stratrf led or ^nar 
^uS^nThjgh heat and chemical resistance, activated carbon, zeolite, synthetic zeolite, sihca gel. activated 
and the like. Use of a material which has been made porous and/or pulverized to increase the 
soedfic surface area is desirable for elevating the adsorbing performance. 

Ir^rSnTc ^ exch^ngers are inorganic materials which separate ions through mass transfer from a hquxl or sold 
hv J^^ZdZSabm credrted to the specific structure of ion-adsorbed inorganic materials: For example, 

tuted with Al, and since Al is trivalent, it constitutes anions to take up cations to effectuate neutrahzation. 

SHfoa oel has its particle surface covered with silanol group which undergoes a slight degree gf .orozation to release 
hvdroaS km «w SSno cation exchangeability. Inorganic ion exchangers are superior to ion adsorptive inorganic 
E?.£j2^ uptie since »ey have both ion adsorptivity of sad fon adsorptive Organic matenate and 

^ ^SefoSid inorganic ion exchangers include aminosificic acid condensec . zeotite. 

which i activated day IXE-600 (trade name of an antimony-bismuth based compound produced by Toagose. Cherracal 

S S S IXE-700 (trade name of a magnesium-aliminum based compound produced by Toagose, Chen^a. 

HSHSf Ca". LW ), and IXE-100 (trade name of a zirconium compound produced by Toagose. Chemwal Industry Co. 



t 

^ Hydrotaicite is a hydrous carbonate mineral in the hydrotalcite group and known to be capable of f captoring Mo- 
aens DHT4A (a trade name, produced by Kyowa Chemical Industry Co. Ltd.) is an example of commercially available 
hS^iSa^TT^taite has anion exchangeability, so that it is preferably usedin comb.nat.on with an 
in^ Scion eSanger having cation exchangeability as this enab.es elimination of ions of both potent.es. 

(Organic reagent for preventing injury from copper) 

Oroanic reagent for preventing injury from copper can be used in place of ion adsorbents. Examples of such 
^ge^lTelg injury frcVoopper indude hindered phenoi-based Yoshinox BB (a ^e r«rne pmOu^l 
£n£! Pharmaceutical Industries. Ltd.). and triazole- or thiol-based Jisnet DB (a trade name, produced by San- 

k '°Thel^ 

by w^^OOpaS by weight of resin. When said additives are added in excess of 1 0 parts by we** there ansa 
the problems such as reduced heat resistance and elevated cost. 
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(Whiskers) 

The whiskers used in the present invention are electrical insulating whiskers, preferably the ones having an elastic 
modulus of not less than 200 GPa. Use of whiskers with an elastic modulus of less than 200 GPa may be unable to pro- 
s vide sufficient rigidity to the produced multilayer printed circuit boards. 

As for the type of whiskers used in the present invention, it is recommended to use one or more materials selected 
from aluminum borate, woliastonite, potassium titanate, basic magnesium sulfate, silicon nitride and a-alumina. Among 
them, aluminum borate whiskers have an elastic modulus of about 400 GPa, far higher than that of glass, and are low 
in thermal expansion coefficient and also comparatively inexpensive. It has been experimentally confirmed that the 
w printed circuit boards produced by using the prepregs of the present invention containing aluminum borate whiskers, as 
compared with the conventional printed circuit boards using glass cloth, are higher in rigidity at normal and high tem- 
peratures, better in wire bonding workability and electrical signal transfer performance, smaller in thermal expansion 
coefficient and higher in dimensional stability. Thus, aluminum borate is most recommendable as the material of whisk- 
ers used in the present invention. 
15 The average diameter of whiskers used in this invention preferably falls within the range of 0.3 to 3 um. If the aver- 
age diameter is less than 0.3 um, mixing of whiskers in resin varnish is hindered and also coating workability lowers. If 
the average diameter of whiskers exceeds 3 jim, surface flatness of the produced board is adversely affected and also 
microscopical uniform dispersibility of whiskers is impaired. It is more desirable that the average diameter of whiskers 
be in the range of 0.5 to 1 um for the said reasons and better coating properties (easier to coat flatly). Use of whiskers 
20 of said diameter range makes it possible to produce printed circuit boards having better surface flatness than obtainable 
with the conventional glass cloth-based prepregs. 

The average length of whiskers is preferably within the range of 3 to 50 um. If the average length is less than 3 um, 
the intended reinforcing effect of f foers can not be obtained and it also becomes difficult to effect two-dimensional align- 
ment of whiskers in the resin layer, so that the produced wiring board fails to have satisfactory rigidity. If the average 
25 length of whiskers exceeds 50 um, it becomes hard to effect uniform dispersion of whiskers in varnish, resulting in 
impaired coating properties. Also, the probability rises that the whisker which contacted a certain conductor circuit 
would contact another conductor circuit, giving rise to the risk of causing shirt-circuiting due to migration of copper ions 
which tend to move along the f foers. For this reason, the average length of whiskers is preferably not greater than 50 
am. The printed circuit boards made by using the insulating material of the present invention containing whiskers of said 
30 length have better migration resistance than the boards using the conventional glass cloth-based prepregs. 

It is also recommendable to use whiskers which have been surface treated with a silane coupling agent for further 
enhancing rigidity and heat resistance of the printed circuit boards. The whiskers surface treated with a silane coupling 
agent have good wettability and bonding affinity wfth resins, providing further improvement of rigidity and heat resist- 
ance. 

35 There can be used the known types of silane coupling agent, such as silicon type, titanium type, aluminum type, 
zirconium type, zirco-aluminum type, chromium type, boron type, phosphorus type, and amino-acid type. 

Preferable examples of the silane coupling agents are aminosilane coupling agents such as y-aminopropyrtriethox- 
ysilane, y-aminopropyltriethoxysilane, N-(p-aminoethyl)-y-aminopropyltriethoxysilane, y-phenylaminopropyltriethoxysi- 
lane, y-phenylaminopropyltrimethoxysilane, etc.; ureidosilane coupling agents such as uretdopropyitriethaxysilane, etc.; 

40 vinyl silane coupling agents such as vinyttriethoxysilane, vinylmethyldimethoxysilane, etc.; methacryl silane coupling 
agents such asr-methacryloxypropyftrimethoxysilane, y-methacryloxypropyltriethoxysilane, rrnethacryloxypropylmeth- 
ydimethoxysilane, etc.; epoxy silane coupling agents such as p-(3,4-epoxydohexyl)ethyrtrimethoxysilane, y-glycidoxy- 
propyftrimethoxysilane, etc.; mercapto silane coupling agents such as y-mercaptopropyftrimethoxysiiane, etc.; 
isocyanate silane coupling agents such as propyftriethoxysilane, y-isocyanatopropyltrimethoxysilane, 1,3,5-N-trimeth- 

45 oxysily Ipropyl) isocyanuate, etc. ;_polymer type silane coupling agents such as polyethoxydimethylsiloxane, etc. ; cationic 
type silane coupling agents such as N-benzyl -p-ami noethyl) -y-ami nopropyttri methoxysi lane hydrochloride saft, etc.; 
silane monomers such as methyttriethoxystlane, methyttrimethoxysilane, etc.; polyether modified silane coupling 
agents such as n-hexyttriethoxysilane, n-octyftriethoxysilane. phenyttriethoxysilane, etc.; polyester modified silane cou- 
pling agents, etc. 

50 

(Resin component) 

As the resin component of the prepregs of the present invention, there can be employed the resins used for the con- 
ventional glass cloth-based prepregs as well as the thermosetting resins used for the adhesive films or copper-toiled 
55 adhesive films containing no glass cloth. The "resin component" referred to herein is a Wend of a resin (or resins), a 
curing agent, a curing accelerator, a coupling agent (optional) and a diluent (optional). 

The resins used for the conventional glass cloth-based prepregs have per se no film forming properties, so that in 
case such resins are coated on one side of a copper foil to form an adhesive layer and half-cured after removing the 
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sotvent by heating, troubles such as cracking or chipping of resin tend to occur during transport, cutting lamination, and 
of ^ratSTe integer inufcfing layers wodd be reduced * th^ess abnarna.,y J^"*"™^ 
It ^reas where the inner layer circuits are present, during hot pressure molding to give rise to troubles such as 
^edinterS 

adhesive films having copper foils. , _ . 

In ^ present invention, however, since the resin is reinforced with whiskers dispersed therer^ the prepreg teyer 
of me resin of this invention and whiskers is provided with film forming properties, and such troubles as 

aa^r^cS 

?iVo?saW wSers. the interlayer insulating layers remain free from the phenomenon dabnorrmld^^ 

"^aTso'SaS'to resins whfch have conventional been used for adhesive turns or cop^fojed 

adhesive ml rnmt resins have per se film forming properties as they contain high-molecular we^W components, 
^rS oSS in ftJLn. according to the present ^ ^.^^^ 
and handling qualities of the resins as well as insulation reliability of the produced crcurt boards. It » ^also , postfe to 
Suc^e^Sent of high-molecular weight components by an amount equivalent to the enhancement of f Mmq 
££Z '£ dispersion of whiskers, and this may lead to the improvements of heat res.stance or adhes*eness of the 

r6Si Preferred examples of the resins usable in the present invention include epoxy resins, bistriazine-maleimide resins. 
^Tr^TXZ resins, melamine resins. si.i«>n resins, unsaturated polyester resins, cyanate reans^cy- 
^T^Ma* modified versions of these resins, Of these resins, bistriazine-maleimide resins and epoxy resins are 
2£ S the properties of the produced printed cirduft board. Prefened examples of epoxy «■ 

toTu ■ the present invention are bispheno. A epoxy resins, bisphend F epoxy resins. <^ 
nolic o>ak epoxy resins, cresol novolak epoxy resins, bisphend A novolak epoxy resins, sakylatdehyde novolak 
Sav -Ins 1£pM F novolak epoxy resins, alicydic epoxy resins, glycidy. ester-based epoxy resins. glyci- 
Sr^SedWy resins. hydarrtSvbased epoxy resins, isooyanurate-based ep^xy re^r^^cyd-c epo^ns, 
ESdes andMrogenated products, and mixtures of these resins. Of these resins, bisphend A rx>votekepoxyr^ 
Sb and Sicylakfehyde novolak epoxy resins are especially preferred because of prominent heat resistance of these 
resins. 

30 (Curing agents) 

As the curing agent of these resins, all types d conventional curing agents can be ^wMiMdk 
an eooxy redn 5rere can be used, for examde. dicyandiamide. bisphenol A. bisphend F. pdyvinytohenol. phenol* 
r^Kend A n^olak. and halves and hydrogenated products of these phenofic resins. Bispheno. A novdak . 
esDedallv Dreferred because of its excellent heat resistance. 

TSSafcSS curing agent to the resin may be properly selected from the range cornmody ,n ^. but u^Hy the 
ratio of the curing agent preferady falls within the range of 2 to 100 parts by weight, more preferably 2 to 5 parts by 
wS« in m^caS S dicyandiamkte and 30 to 80 parts by weight in the case d other *P"« m «■ nt.^r100 
pZ by weight d resin. vVhen said ratio is less than 2 parts by weight sufficient curing 

SneTatio exceeds 1 00 parts by weight, the superfluous curing agent may remain in the cured produrt to impair rts elec- 
trical properties. 

(Curing accelerator) 

As airing accelerator, imidazole compounds, organic phosphorus compounds, tertiary amines, quaternary ammo- 
nium salts and the like can be used in case the resin used is an expoxy resin. The rat* d curing abator to sad 
"edn may be the one commonly in use. but it is preferady in the range d 0.01 to 20 parts by weight, more preferably 
uTtoTwrtl b> weight, per 100 parts by weight d the resin. K this ratio is less than 0.01 part by weight, curing is 
exce^e^rded while H me rate exceeds 20 parts by weight, curing « so much promoted that the cunng react™ 
so becomes uncontrollable. 

(Diluent) 

The thermosetting resins d the present invention may be used as a varnish by d^hgth^wrtha solvent. The 
solvents usable for this purpose include acetone, methyl ethyl ketone, xylene, methyl '^ketone- ^ ^ 
vtenedycd monomethyl ether, methand. ethanol. N.rWimethyHormamide. N,N-d,methylacdamid* andfre , l*a, 
" The ratioTf dluent to said resin may be the one commonly h use; ft is preferably in the range d 1 to 200 parts by 
weight, more prderady 30 to 1 00 parts by weight, per 1 00 parts by weight of the resin. » the diluent ratio .s less than 1 
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part by weight the diluent can not produce its normal effect while if this ratio exceeds 200 parts by weight, the pro- 
duced resin composition proves too low in viscosity for coating of the copper foils or carrier films. 

(Other compounding agents) 

5 

In the present invention, beside the components described above, the other known and commonly used additives 
such as coupling agent, filler, flame retardant. etc., may be blended in the resin as desired. 

(Whisker/resin ratio) 

10 

If the amount of electrical insulating whiskers blended in the resin is too small, such as less than 5 parts by weight 
per 100 parts by weight of resin solid, the handling qualities of the prepreg are deteriorated because, for one thing, the 
resin becomes liable to get broken finely and scattered when the prepreg is cut. Also, the produced wiring board proves 
unsatisfactory in rigidity. On the other hand, if the whisker amount blended is too large, such as exceeding 350 parts by 

is weight, resin filling of the uneven parts of inner layer circuits or between circuits during hot pressure molding is 
adversely affected, and also voids or thin spots tend to form in the whisker-Wended resin layer after molding, which may 
impair the quality of the produced wiring board. The amount of whiskers to be blended, therefore, preferably falls within 
the range of 5 to 350 parts by weight per 100 parts by weight of resin solids. The range of 30 to 230 parts by weight is 
more preferable because of expedited resin filling and also because the produced wiring board is provided with the 

20 same or higher level of rigidity, dimensional stability and wire bonding workability as compared with the wiring boards 
produced by using conventional glass cloth-based prepregs. 

(Carrier film) 

25 In the present invention, as carrier film on one side of which an insulating layer, viz a whisker-reinforced composi- 
teresin layer (B-staged). is to be formed, there can be used metal foils such as copper or aluminum foil, polyester film, 
polyimide film, or those of said metal foils or films whose surface has been treated with a release agent. 

(Orientation of whiskers) 

30 

It is desirable that the whiskers in the insulating material composed of electrical insulating whiskers of the present 
invention and B-staged resin be arranged in a state close to two<iimensional alignment (a state where the axial direc- 
tion of whiskers is close to parallel to the plane forming the insulating material layer). Such orientation of whiskers is a 
vital factor tor realizing excellent handling qualities of the insulating material of this invention as well as high rigidity and 
35 good dimensional stability and surface flatness of the produced wiring.board. 

(Coating method) 

Said orientation of whiskers can be effected by using whiskers having ffoer length in the specified range and by 
40 employing a proper coating method such as Wade coating, rod coating, knife coating, squeeze coating, reverse rWI 
coating, transfer roll coating or the like, which is capaWe of loading shear force in the plane direction parallel to copper 
foil or loading compressive force in the direction orthogonal to the plane of copper foil when the whisker-Wended resin 
varnish is applied on the copper foil. 

As described above, in the first embodiment of the present invention, an ion adsorbent is added to resin varnish for 
45 elevating insulation reliability when the compounded insulating material containing electrical insulating whiskers is used 
for multilayer printed circuit boards. 

Also, since fine whiskers having better laser workability than glass are used as base of the insulating layers made 
by using the insulating material of this invention, it is possiWe to easily perform laser drilling which was impossiWe with 
the insulating layers using conventional glass cloth-incorporated prepregs. This makes it possiWe to easily form inter- 
so stitial via holes (IVH) of small sizes, such as less than 1 00 urn in diameter, and to make fine the circuitry of the printed 
circuit boards, which g-eatly contributes to the enhancement of packaging density and performance of electronic 
devices. 

[Second embodiment of the present invention] 

55 

The insulating varnish producing process according to the second embodiment of the present invention comprises 
refining the resin varnish containing electrical insulating whiskers by filtration. The electrical insulating whiskers used in 
the instant errfcodiment of the invention are ceramic whiskers, preferaWy the ones having an average diameter in the 
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range of 0 3 to 3.0 um and an average length of 3 to 50 pm. The filter used for f iHration of resin varmsh .s preferably the 
one Shaving an opening size of 50 to 100 urn. tor example a 170- to 70-mesh Tyler screen. 

The whiskers resin(s) curing agent, curing accelerator, diluent, other compounding agents, whisker/resin raao, 
camlX^^ f 2 w^eS ard coating method used in the second embodiment of the present invention are the 
same as described in the first embodiment of the invention. 

^he Sating varnish producing process according to the second embodiment of the preserrt mventon , features 
elimi^o^ *e a^regates of eleclL insulating whiskers greater than a specified size by regulation of filter mesh 
ST? 5 TtmSSX^m insulation reliability of the insulating material by inhbiting the wh.sker aggregates from 
ovictino in the whisker-bended insulating material at the stage of insulating varnish. 

Z having better laser workability than glass are used as base of ^ insutating +m i made 
by usiS'meTnsulating materia, of the present invention, it is possible to easily perform laser 
Siting layers using conventional glass cloth-incorporated prepregs. This enables easy tomtaMnrtlVH of 
ITSISa. less than 1 00 m in diameter, and fine circuitry of printed circuit boards, and greatly contributes to 
the enhancement of packaging density and performance of electronic devices. 

[Third embodiment of the present invention] 

The insulating varnish producing process according to the third embodiment of the present '"vention^mpri^ 
mixing ard Erring electrical insulting whiskers showing cohesiveness in the dry state .n an organic solvent to form a 
slurry, and blending this slurry in a resin varnish, followed by further stirring. 

(Slurry) 

The slurry used in the present invention is obtained by mixing whiskers in an organic solvent with stirring to .dteo- 
ciate toeSk?aggregates in the mass of electrical insulating ceramic whiskers of the dry stele Theorgamcsdverrt 
usSt forming the sSry needs to be compatible with the resin varnish used, and is preferably ofthe^rypeas 
the so^ent ^ed for making the insulating varnish for stabilization of the insulating varmsh. The sold content of the 

Sr^StoW%byweigl5. preferably 28to80%t V ■■■«^ te ^^~^ , ^!SWJr35 
fe loaded wrth the soSerrt to make I unabale to perform normal coating of the .nsulating varnish, whje if the sold 
™^rt«c«ds 80% bv weight the dispersing effect of electrical insulating whiskers becomes too feeble. 
^ZSSS^X ^agent^ring acCerator. dilute*. ^^^ST^Z^ ^ 
rier film, whisker orientation and coating method used in the third embodiment of the .nvention are the same as 

described in the first embodiment of the invention. ~wi« n n 

Thus the third embodiment of the present invention is an insulating vanish producing process featuring addition 
to a Svarnfeh (J^trteal insulating whiskers in the form of a slurry in an organic solvent, and rtinang thereof with 

varnish it is possible to elevate insulating reliability of the adhesive films containing sad whiskers. 

Further, See fine whiskers having better fcser workability than g.^ 
by usCme adhesive film of the present invention, rt is possible to easily perform laser dnlling wtuch was drff.cuNw.tti 
mediating layers using the conventional glass cloth-based prepregs. This makes it possible to easily form IVH of 
£££ luS^s less ?han 100 ,m irdiameter. and to work tine circuitry on printed circuit boards, thus greatly con- 
tributing to the enhancement of packaging density and performance of electronic devices 

[Fourth embodiment of the present invention] 

The insulating varnish producing process according to fourth embodiment of the preset lotion comprises pre- 
oar-ma a slurry of electrical insulating whiskers in a resin varnish, and milling the slurry by a beads null. 
^Zl elScaltntteting whiskei used for forming the slurry are ceramic whiskers having an average d*meter * 

the range of 0.3 to 3.0 ^m and an average length in the range of 3 to 50 (im. , . . . 

isolating material obtained by coating said insulating varnish on a copper foil or carrier f dm ,s lammted wrth 
the irT^t Sstrates having ™er layer circute tt^ein. arx! then circurts are formed on the enrter layer side and elec- 
trically connected to the corresponding inner layer circuits to constitute a multilayer circuit board. 



(Beads mill) 



55 



The beads mill used in the preserrt invention is preferably made of ceramic and capable of preventing .nclus.on of 
foreign materials during mining of the insulating varnish blended with electrical insulating caarnc whiskers 
TsTe^mmended I to use a ceramic beads mill whose interior surface has been coated with z,con.a of h.gh hard- 
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ness and which contains zirconia beads therein, as this type of beads mill is highly proof against scratches or exfoliation 
when used for milling electrical insulating whiskers and also scarcely allows inclusion of foreign materials in the insulat- 
ing varnish. 

The bead size is not specified in the present invention, but it preferably falls within the range of 300 jim to 2 mm in 
5 diameter. If the bead diameter is less than 300 \irr\, the aggregate elimination efficiency from the insulating varnish by 
a filter is low, resulting in a large loss of insulating varnish and a reduced elimination rate. If the bead diameter is greater 
than 2 mm, the frequency of impingement of beads against whiskers reduces, resulting in a lowered milling efficiency. 

The whiskers, resins, curing agent, curing accelerator, diluent, other compounding agents, whisker/resin ratio, car- 
rier film, means of whisker orientation and coating method used in the fourth embodiment of the invention are the same 
70 as described in the first embodiment of the invention. 

Thus, the insulating varnish producing process according to the fourth embodiment of the present invention fea- 
tures bead milling of a slurry of electrical insulating whiskers in a resin varnish. According to this process, dispersibility 
of electrical insulating whiskers in insulating varnish is improved and also entanglement of whiskers with each other is 
minimized as these whiskers are shortened in average length. Further, since no aggregates of whiskers are contained 
75 in the insulating varnish, it is possible to enhance insulation reliability of the insulating material blended with said whisk- 
ers. 

Moreover, since fine whiskers having better laser workability than glass are used as base of the insulating layer 
made by using the insulating material of the present invention, it is possible to easily perform laser drilling which has 
been difficult with the insulating layers using the conventional glass doth-based prepregs. This enables easy formation 
20 of IVH of small sizes, such as less than 1 00 urn in diameter, and fine circuitry on the printed circuit boards, which greatly 
contributes to the enhancement of packaging density and performance of electronic devices. 

[Fifth embodiment of the present invention] 

25 The insulating varnish producing process according to the fifth embodiment of the present invention comprises pre- 
paring a slurry of electrical insulating whiskers in a resin varnish by stirring, and milling this slurry by a three-roll mill. 

The rolls of the three-roll mill may be made of ceramic material. Also, as the electrical insulating whiskers to be 
milled by said three-roll mill, there can be used ceramic whiskers having an average diameter in the range of 0.3 to 3 
iim and an average length in the range of 3 to 50 urn. 

30 The adhesive films obtained by coating said insulating varnish on copper foils or carrier films are laminated with 
interlayer substrates having inner layer circuits formed therein, and then circuits are formed on the outer layer surface 
and electrically connected to the corresponding inner layer circuits to constitute a multilayer printed circuit board. 

(Three-roll mill) 

35 

The rolls of the three-roll mill used in the present invention are preferably made of ceramic material, and it is essen- 
tial that said mill is of a structure which is capable of inhibiting mixing of foreign materials into insulating varnish during 
milling of said varnish blended with said electrical insulating whiskers. 

Use of high-hardness zirconia- or aiumina-made rolls for said three-roll mill is preferred as such rolls are highly 
40 proof against scratches or exfoliation during milling of said ceramic whiskers and also effective for preventing mixing of 
foreign materials into the insulating varnish. 

It is desirable to produce insulating varnish under such milling conditions that won't cause break of electrical insu- 
lating whiskers during milling and allow maintenance of their average length during compounding, as this operation 
causes no rise of varnish viscosity and is easy to perform. 
45 The whiskers, resins, curing agent, curing accelerator, diluent, other compounding agents, whisker/resin rate, car- 
rier film, means of whisker orientation and coating method used in the fifth embodiment of the invention are the same 
as described in the first embodiment of the invention. 

Thus, the fifth embodiment of the present invention is an insulating varnish producing process featuring milling of 
electrical insulating whiskers in a slurry thereof with aresin varnish by using a three-roll mill. According to this process, 
50 the risk of electrical insulating whiskers getting entanWed with each other is minimized because of improved dispersi- 
bility of whiskers in insulating varnish and reduced average length of whiskers, and also no aggregates of whiskers are 
contained in insulating varnish, so that insulation reliability of the adhesive films containing said electrical insulating 
whiskers is enhanced. 

Further, since fine whiskers having better laser workability than glass are used as base of the insulating layers 
55 made by using the adhesive films of the present invention, it iseasy to perform laser drilling which has been difficult with 
- the insulating layers using the conventional glass cloth-based prepregs. This enables easy formation of IVH of small 
• sizes, such as less than 100 pm in diameter, and fine circuitry on the printed circuit boards, which greatly contributes to 
the enhancement of packaging density and performance of electronic devices. 
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[Sixth embodiment of the present invention] 

It is known that defective insulation seen in muKHayer printed circuit boards made ^"f^^^^ 
■nsntatinn whiskers is attributable to the improper diffusion of whiskers in insulating varnish or the presence or me 
ZX?e^e^at^eSce betiTeenelectrical insulating whiskers and resin (hereinafter referred to simply 
asTnle^^ * water di«usk,n through this interface to encourage efotion of copper 

fhft rrmnpr foils bv the action of ionic impurities in the insulating layers. 

treated with an appropriate treatment such as a coupling agent is suggested. However these suriace treaiea rarer* <* e 
SraTtSeS^of commercially availabie surface-treated fillers are very limrted, so that « has been difficult to 

ing SfSESmZ and then drying by heating. The drying step, however, invokes some ™™J^ *« 
^aL^e coupling agent may be oligomerized to form a physical adsorptive layer on the J^™*"* 
^Hp^ to3eoate and hence need to be pulverized when blended in a varnish, a nonuniform treated layer 
SKSTSh a physicaUdsorpt^ layer or nonuniform treated fcyer is response for 

SSe of preventing aggregation of filers to some -f^^SS^ 
Provided by resin Wend, but it still had the problem that the coupling agent is not uniformly oriented selectively on the 

filler surface making it unable to obtain satisfactory interface adhesion. 

Z Sn^iment of the present invention can overcome the above prior art 
to ^ eirtxrfiment in production of insulating varnishes blended with electrical insulating ^.skers^d«persb^ of 
1 ste'stCo^ to better appearance of the product, and also adhesion at the interface of the produced ^murbteyer 
pSdrcZSte irrprove^Thus this embodiment provides an insulating varnish with enhanced insulahon ret.a- 

blenoTng oo^eTean^ ion absorbent or an organic in a solution composed of electrical insulating whiskers and 
a treating solution for treating the whisker surfaces. 

(Treating solution) 

Solutions of coupling agents can be used as solvent solution in the instant embodiment of the present invention 
The^^ageTuSble here include silane coupling agents and titanate coupling agents, reformer ^ncluding 
eSx^Setype^minosilane type, cationic silane type, viny.si.ane type, acry.si.ane tyP^capto *~JP""J 
SSr^mposites. All types of additives commonly employed for this purpose may be used, and the amount thereof 

^JlSlESESSL present invention, silicone oligomers can be used in ptace «™™*%«°»^ 
mMmSSZfi* adhesion atthe interface. The silicone oligomers usable here are not uegard 
5 ^Ja^foht and skeleton as far as such oligomers have a structure comprising 2 or more siloxane recurnng 
^ZSIm^ESSL terminal at least one functional group readable with hydroxy, group m the sub- 
» E2Tt£ nWS the siloxane recurring unite is preferably 2 to about 70. A greater number of s.loxane 
roouningS tends to cause nonuniform treatment and consequent reduction of heat resstanca 

fSL and SiO^ of the Afunctional. Afunctional and tetrafunctional siloxane unite signify the following 

45 structures, respectively: 



30 



35 



40 



R R 



o 



-O-Si-O- , -O-Si-O- and -O-Si-O- 



R 0 



O 



55 



wh 0 r«n R-e are the same or different organic groups such as. for instance, methyl, ethyl, phenyl and vinyl. 

2 ^^^ ^X^Ew in the silicone oligomer base suriace and usable in this .men- 
tion " S afkoxy. group and slano. group are generally used and preferred. The silicone oligomer used n 
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this invention preferably has at least one bifunctional, Afunctional or tetrafunctional siloxne unit in the molecule, and it 
is more preferable that 15 mot% or more of the whole oligomer is constituted by tetrafunctional siloxane units. Such sil- 
icone oligomers can be used in combination with said coupling agent and/a other additives. The type and amount of 
the silicone oligomer used in combination with said additives are not limited in the present invention. 

5 In the sixth embodiment of the present invention, a solvent is used for diluting said treating solution. The solvents 
usable here include, though not limited to, acetone, methyl ethyl ketone, toluene, xylene, methyl isobutyl ketone, ethyl 
acetate, ethylene glycol monomethyl ether, N,N-dimethyrfamamide, methanol and ethanol. These solvents may be 
used either singly or as a mixture of two or more of them. 

The solids concentration of said solvent solution is not limited but can be properly changed according to the type 

w of the treating agent used, adsorption on the filler and other factors, but it is preferably in the range of 0.1 to 50% by 
weight. If the solids concentration is less than 0.1% by weight, the desired effect of surface treatment may not be pro- 
: vided, and if the solids concentration exceeds 50% by weight, heat resistance of the product tends to lower. 

(Treating conditions) 

15 

The sixth embodiment of the present invention features blending of the resin component without undergoing the 
drying step but directly after treatment of filler in the solvent solution to prepare a varnish, in this operation, treating tem- 
perature and treating time are not subject to restrictions but can be properly adjusted according to the type of the filler 
and treating agent used, adsorption on the filler and other factors, but usually the treatment is preferably carried out at 
20 a temperature between room temperature and 80°C for at least 30 minutes. 

The whiskers, resins, curing agent, curing accelerator, diluent, ion adsorbent, organic copper harm preventive, 
other compounding agents, whisker/resin ratio, carrier film, means of whisker orientation and coating method used in 
the sixth embodiment of the present invention are the same as described in the first embodiment of the invention. 

25 (Mixing) 

For improving dispersibility of insulating whiskers, mixing may be conducted by combining different means of mix- 
ing, such as mixing by attritor, mixing by three-roll mill and mixing by beads mill, after preparation of insulating varnish. 
After mixing, it is desirable to remove air bubbles in the varnish by suitable means such as stirring deaeration under 
30. reduced pressure. 

According to the sixth embodiment of the present invention described above, since the resin component is blended 
directly in the solution used fa treating the surfaces of electrical insulating whiskers, with no drying step involved after 
- filler treatment, whiskers can be dispersed uniformly in the varnish without forming aggregates, allowing formation of a 
uniform layer of treating agent on the whisker surfaces. Also, compatibility with resin is improved and further, interface 
35 adhesion is enhanced. It is thus possible to realize high insulation reliability and low expansion coefficient by using the 
insulating material blended with electrical insulating whiskers produced according to the method of the sixth embodi- 
ment of the present invention as material of multilayer printed circuit boards. 

Also, since fine whiskers having better laser workability than glass are used as base material of the insulating layers 
made by using the insulating material according to the sixth embodiment of the present invention, it is possible to easily 
40 perform laser drilling which has been difficult with the insulating layers using conventional glass cloth-based prepregs. 
This enables easy formation of IVH of small sizes, such as less than 1 00 jim in diameter, and fine circuitry on the printed 
circuit boards, which greatly contributes to the enhancement of packaging density and performance of electronic 
devices. 

The present invention will be further illustrated by the following Examples. 

45 

Example 1 
(Varnish) 

so In a thermosetting resin comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 
1 ,200; exopy equivalent: 206). 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equiv- 
alent: 118), 0.5 part by weight of 2-ethyl-4-methylimidazole which is a curing accelerator, and 50 parts by weight of 
. methyl ethyl ketone, aluminum borate whiskers having an average diameter of 0.8 *im and an average f foer length of 20 
urn were blended in an amount of 90 parts by weight per 100 parts by weight of resin solids. Then an atimony-bismuth- 

55 based compound was added as ion adsorbent in an amount of 2 parts by weight per 1 00 parts by weight of resin solids, 
and the mixture was stirred until the aluminum borate whiskers were uniformly dispersed in the varnish. 
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(Adhesive film) 

The thus obtained insulating varnish was knife coated on the 1 8 ^^^^^S^^S!!^ 
JwhTtate (PEnSns and dried by heating at 1S0°C for 10 minutesto haH-cure the resin while removing the solvent 
, LSTSSSS fL having an adhesive layer thickness of 50 prn and 1CX) ^^PETWrr, 
SS^hSL having an adhesive layer thickness of 50 um and 100 urn. PET Mm was stripped oft fro* >** 
PmiS-aSSS aEve !L to obtain the 50 urn and 1 00 ^ thick alhesive films compns,ng whiskers and haK- 
rured eooxv resins with a whisker volume fraction of 30%. . . _ „. anH 

1hTc2)S-foiled adhesive films could be cut dean without causing scattenng of resin by a cuttin , to* sand 
„ ™ T^^hSvefilms were also free from blocking and had good handling qualities. The adhere ilms made 
SSiStuwTrn^ 

and had good handling qualities, 
is (Galvanic corrosion test) 

The unnecessary portion of the copper foil of a 0.8 mm thick double-sided copper-clad glass-reinforced epoxy resin 

l^inl^^^ 
Ss'este^ 

nesstf 50 um in such a manner that the adhesive layer would contact the electrode pattern, followed by hot pressure 

etch* fo'Smapattem whicfTwas to provkte ^o^^'l^^^^^^^^^ 
7wa7applied across these inner and outer layer electrodes and the test piece was leftin an atnrcsphereof 85 C and 
SSo V ^hours, after which insulation resistance of the test piece was measured^ The result stowed h,gh insu- 
Sn of over 10 9 nand confirmed excellent galvanic corrosion resistance of the adhes^eflms. 

(Bending or f lexural modulus) 

Said 100 am thick adhesive filmwas sandwiched between a pair of 18 urn thick ^^ r0 ^ n ^^^!^ 
cn ^il^uihened side of each copper foil would face the adhesivefilm, and hot pressure molded under the cond- 
^^ic^Tifand^^kThe copper foils of the obtained copper-dad taminate were etched away and 
^b^^uluf of ^iami« nJb a three-pdnt bending test, ft was 20 GPa (average of measure- 
ments in the longitudinal and transverse diredions, without copper foil). 

(Drilling accuracy) 

10 oieces of said copper-dad laminate were accumulated and drilled by a 0.3 mm0 drill, and positional discrep- 
ancy Se^S Se^mXles in the top and bottom laminates was measured. It was less than 20 .an. 

(Multilayer printed drcuit board) 

The unnecessary portion of the copper foil of said copper-clad laminate was etched away to «™ arcuite 
sidero^ltnSw^eriaid vXe previously produced 50 ^m thick insulating rmterial. On the oute,de hereof 
waffoZ r pS an 1 8 pm thick single-sided roughened copper foil so that its roughened ade 
r^SarKfmeassen^ywash^ 

duce a muftilaver copper-clad laminate having inner layer circuits formed therein. . . 

SuSSTouoh^ess of this multilayer copper-clad laminate having inner layer circuits was measured by a feeler type 
eurf ^Z2 ; Ser iaZl, allocation of measurement on the outer layer surface on a 25 mm long 
e 2S tL e inner layer cirucrt was presem immediately therebebw and the portion where 

£ r Z^^Zt Sesent Ihe 1 0-point average of level difference between said drcuit-holding portion and no- 

"Redetermined position of the surface copper foil of sakl multitoyer copper-clad laminate having inn^ayer droit 
wastSS S toWm a 75 unvdiameter opening, and this opening was drilled by using an ^«**"J™^ 
r,?LtvSumS Heavy Industries, Ltd. to form a hde reaching the inner layer circuit in the cured adhesive ; f dm. Th.s 
lSS2gt« with permanganic add, eledroless plating, formation d an etching reset pattern 
and removal of the unnecessary portion thereof to form outer layer circuits. 
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On both sides of this multilayer printed circit board was placed the previously produced 50 urn thick adhesive film, 
and on the outside thereof was further placed an 1 8 nm thick single-sided roughened copper foil so that its roughened 
side would face the adhesive film, followed by hot pressure molding under the conditions of 1 70°C, 2.5 MPa and 60 min- 
utes to make a 6-layer copper-clad laminate having inner layer circuits. A predetermined position of the surface copper 
s foil of this laminate was etched away to form a 75 urn-diameter opening, and this opening was drilled by using an impact 
laser mfd. by Sumitomo Heavy Industries, Ltd., followed by smearing treatment with permanganic acid, electroless plat- 
ing, formation of an etching resist pattern and removal of unnecessary copper by etching to form outer layer circuits. 
The above operations were repeated to make a 10-layer printed circuit board. 

10 (Test of multilayer printed circuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were measured. Thermal expansion coefficient was measured according to TMA and bending modulus according to 
DMA in the bending mode. The mean thermal expansion coefficient of the longitudinal and transverse directions was 
75 10 ppnVC (at normal temperature), and the mean bending modulus of the longitudinal and transverse directions was 
60 GPa at normal temperature and 40 GPa at an elevated temperature (200°C). The surface hardness of the laminate 
measured by a Barcol hardness tester was 65 at normal temperature and 50 at an elevated temperature (200°C). 

(Wiring bonding workability) 

20 

Bare chips were mounted at a part of the 10-layer printed circuit board and connected to surface circuits by wire 
bonding. Wire bonding was conducted under the following conditions: ultrasonic output = 1 W; ultrasonic output dura- 
tion = 50 us; bonding load = 100 g; wire bonding temperature =180°C. This wire bonding operation could be performed 
in a satisfactory way. 

25 

(Thermal shock test) 

8 mm x 20 mm IC chips (TSOP) were mounted on the 10-layer printed circuit board and connected to surface cir- 
cuits by solder, and this IC chip (TSOP)-mounted substrate board was subjected to a cyclic thermal shock test with 
30 each test cycle consisting of 30-minute exposure to a -65°C atmosphere and another 30-minute exposure to a 150°C 
atmosphere. No trouble such as break or disconnection occurred at the solder joints even after 2,000 cooling-heating 
cycles. 

Also, no trouble such as break or disconnection was seen in the conduction test of the circuits including interstitial 
via holes in the board. 

35 

Example 2 
(Varnish) 

40 In a thermosetting resin comprising 70 parts by weight of a salicylaldehyde novolak epoxy resin (molecular weight: 
1 ,000; epoxy equivalent: 1 80), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equiv- 
alent: 1 16), 0.5 part by weight of 2-ethyl-4-methylimidazole as curing accelerator and 50 parts by weight of methyl ethyl 
ketone, the aluminum borate whiskers having an average diameter of 0.8 um and an average fiber length of 20 um were 
blended in an amount of 90 parts by weight per 100 parts by weight of resin solids. To this mixture was further added a 

45 hindered phenolic copper harm preventive as an ion adsorbent in an amount of 3 parts by weight per 100 parts by 
weight of resin solids, and the mixture was stirred until aluminum borate whiskers were uniformly dispersed in the var- 
nish. 

(Adhesive film) 

50 

The thus produced insulating varnish was knife coated on the 18 urn thick copper foils and 50 um thick PET fOm 
sand dried by heating at 150°C for 10 minutes to half -cure the resin while removing the solvent to make the copper- 
foiled adhesive films having an adhesive layer thickness of 50 um and 100 um, and the PET film-attached adhesive 
films having an adhesive layer thickness of 50 um and 100 um. Then PET film was peeled off from the PET film- 
55 attached adhesive films to obtain the 50 um and 1 00 um thick adhesive films comprising whiskers and half -cured epoxy 
resins with a whisker volume fraction of 30%. 

The copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife and 
shears, kept free from blocking with each other and had good handling qualities. Also, the adhesive films produced by 
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coating PET f ihns with sak! varnish suffered no trouble such as break during peeling of PET Ittrr lornqm. I handling 
couW be .cut clean without causing resin scattering by a cutting knife and shears, kept free from btodong and showed 
good handling qualities. 

5 (Galvanic corrosion test) 

Gahanfc corrosion test pieces were made and their insulation 7^^f m ™S;XSS<jn 
Example 1 . The test pieces showed high insulation resistance of over 10 9 n and confirmed excellent galvanic corrosion 

resistance of said insulating material. 

10 

(Bending modulus) 

Test Pieces were made and their bending modulus was measured by a threes bending test in the same^ way 
n Sa^f iTe^. pieces showed bending modulus of 20 GPa (average of measurements .n the long.tud.na. 



15 
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as in r - 

and transverse directions, without copper foil) 
(Drilling accuracy) 
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Posttonaldisc^^ 
copper-clad laminates, measured in the same way as in Example , was less than 20 \itr\. 

(Multilayer printed circuit board) 

SS** Serene Mt«en the ctaM*** ,»*» and tw no*™* P«on «•* *** »" *.»"•• "* 

following the same procedure as in Example 1. 
(Test of multilayer printed circuit board) 

a nart of this 10-laver printed circuit board was cut out and its thermal expansion coefficient and bending modulus 

ness was 65 at normal temperature and 55 at an elevated temperature (200 C). 
(Wire bonding workability) 

Wire bonding was conducted in the same way as in Example 1 except for use of IC chips in place of bare chips. It 
was possible to accomplish desired wire bonding in a well satisfactory way. 

(Thermal shock test) 

Result of the thermal shock test conducted on the 10-layer printed circuit boari in the same way as in Exarnplel 
dJ£?io ™S tSbe such as disconnection at the solder joints even after 2.000 test cydes. Ate* trouble 
SU» in the conduction test of the circurts induding interstitial via holes ,n the board. 



Comparative Example 1 
55 (Varnish) 



.„ a tturmrKettina resin comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 
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alent: 1 18), 0.5 part by weight of 2-ethyl-4-methylimidazole as curing accelerator and 50 parts by weight of methyl ethyl 
ketone, the aluminum borate whiskers having an average diameter of 0.8 jim and an average fiber length of 20 \im were 
blended in an amount of 90 parts by weight per 100 parts by weight of resin solids, and the mixture was stirred until 
whiskers were uniformly dispersed in the varnish. 

5 

(Adhesive film) 

This insulating varnish was knife coated on the 18 urn thick copper foils and 50 urn thick PET films and dried by 
heating at 150°C for 10 minutes to half-cure the resin while removing the solvent to make the copper-foiled adhesive 
10 films having an adhesive layer thickness of 50 jim and 100 \irr\ t and the PET film-attached adhesive films having an 
adhesive layer thickness of 50 urn and 100 jim. PET film was stripped off from the PET film-attached adhesive films to 
obtain the 50 jim and 100 urn thick adhesive films comprising whiskers and half-cured epoxy resins with a whisker vol- 
ume fraction of 30%. 

The thus obtained copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting 
75 knife and shears, kept free from blocking with each other and had good handling qualities. Also, the adhesive films 
made by coating said varnish on PET films had no trouble such break during separation of PET film and normal han- 
dling, could be cut clean without causing scattering of resin by a cutting knife and shears, kept free from blocking and 
had good handling qualities. 

20 (Galvanic corrosion test) 

A galvanic corrosion test piece was made using said 50 jim adhesive film in the same way as in Example 1, and 
the change with time of this test piece was examined by leaving it in an atmosphere of 85°C and 85% RH. Insulation 
resistance of this test piece after left in said atmosphere for 250 hours was less than 10 9 a indicating poor galvanic 
25 corrosion resistance of the adhesive film. 

(Bending modulus) 

A copper-clad laminate was made using said adhesive film in the same way as in Example 1 and its bending mod- 
30 ulus was measured by a three-point bending test. It was 20 GPa (average of measurements in the longitudinal and 
transverse directions, without copper foil). 

(Drilling accuracy) 

35 Positional discrepancy between the holes in the top and bottom laminates in a drilled 10-piece assembly of said 
copper-clad laminates made in the same way as in Example 1 was less than 20 pm. 

(Multilayer printed circuit board) 

40 A multilayer copper-clad laminate having inner layer circuits was made in the same way as in Example 1 , and sur- 
face roughness of this copper-clad laminate was measured by a feeler type surface roughness tester. At the location of 
measurement on the outer layer surface on a 25 mm long straight line including the portion where inner layer circuit was 
present immediately therebelow and portion where no such circuit was present, the 10-point average of level difference 
between said circuit-holding portion and no-circuit portion was less than 3 urn, indicating good surface flatness suited 
.45 fa circuit working of this laminate. 

Using this multilayer copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was made in 
the same way as in Example 1 . 

(Test of multilayer printed circuit board) 

50 

A part of this multilayer printed circuit board was cut out and its thermal expansion coeff iciertt and bending modulus 
were determined according to TMA and bending mode DMA. respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 10 ppm/°C (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse ejections was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
55 (200°C). Barcol surface hardness of the board was 65 at normal temperature and 50 at an elevated temperature 
(200°C). 
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(Wire bonding workability) 

Wire bonding could be conducted in a satisfactory way with this circuit board in accordance with the method of 
Example 1. 

(Thermal shock test) 

In the thermal shock test conducted in the same way as in Example 1 , no trouble such asdisconnection occurred 
at sold^^X 2,000 test cycles. Also, no trouble such as disconnection was observed m the conducts test 
of the circuits including interstitial via holes in the board. 

Comparative Example 2 

(Prepreg) 

Athermosetting resin comprising 70 parts by weight of a bisphend A novolak epoxy resin (molecular weight: 1 .200; 
J££22£SZ*> pSs by LghrVa bispheno. A novotak resin (molecular weight 700: *^ 
ffoTpart by weight ori-ethyl-A-methylimidazole as curing accelerator and 50 parts by w«ght of methyl ethj 
teL w^slnWegr^Sd in a 50 Vm thick glass doth and a 1 00 ,m thick glass cloth and dried by heat.ng at 150^ for 
Tm*uS SEES, the resin'while removing the sctvent to obtain the 50 pm and 100 ^m th,ck glass-remforced 
epoxy prepregs. 

These prepregs. when cut by a cutting knife and shears, caused no scattenng of resin. 
(Galvanic corrosion test) 

25 insulation resistance of the gahranic corrosion test pieces made in the same ^ Exan^^^^d » 
thick glass-reinforced epoxy prepreg was higher than 10 s ft corroboratng excellent galvamc corroson resistance 
of this adhesive film. 

30 (Bending modulus) 

Bending modulus of the copper-clad laminate made in the same way as in Example 1 by using said 100 Ipmthi* 
gJScXoxy prepreg!^ measured by a three-point bending test, was 8 GPa (average of measurements .n 
the longitudinal and transverse directions, without copper foil). 

35 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 
copper-clad laminates made in the same way as in Example 1 was greater than 50 urn. 



w 
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(Multilayer printed circuit board) 



Using said copper-dad laminate, a multilayer copper-clad laminate having inner layer circuits was made in the 
same wS 2 in B^nple 1, and its surface roughness was measured by a feeler type surface roughness tester. At the 
£££ on the outer layer surface on a 25 mm straight line 

curt was present immediately therebelow and the portion having no such circuit therebelow, the 10-pomt average of 
level difference between said circuit-holding portion and no-circuit portion was greater than 8 ^m. 

a of the surface^pper tea of safci mutolayer copper^lad laminate having inner layer ar- 

curts w« ^^form a 75 ^iameter opening, and it was tried to drill this opening by an impact laser mfd. 
by Sumitomo Heavy Industries, Ltd. but the glass portion coiid not be removed. 



Comparative Example 3 
(Adhesive film) 



A thermosetting resin comprising 30 parts by weight of a high-molecular weight epoxy polymer nwng a weight- 
averaar^rweS of 50 000 70 £rts by weight of a bisphenol A epoxy resin (molecular waght: 400; epoxy 
SSnS 0.2 equivalent of a phenolic rean masked diisocyanate as crosslinking agent of said h.gh-molecular 
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weight epoxy polymer and 0.5 part by weight of 2-ethyl-4-methylimidazole as curing agent was knife coated on an 18 
u m thick copper foil and a 50 um thick PET film and dried by heating at 150°C for 10 minutes to half-cure the resins 
while removing the solvent to make a copper-foiled adhesive film having an adhesive layer thickness of 50 um and a 
PET film-attached adhesive film having an adhesive layer thickness of 50 um. PET film was peeled off from the PET 
5 film-attached adhesive film to obtain a 50 um thick adhesive film. 

This adhesive film suffered no trouble such as break during peeling of PET film and normal handling and could be 
cut clean without causing scattering of resin by a cutting knife and shears, but this adhesive f am was liable to blocking 
and poor in handling qualities. 

w (Galvanic corrosion test) 

Insulation resistance of the galvanic corrosion test pieces made by using said copper-foiled adhesive film having a 
50 *im thick insulating layer in the same way as in Example 1 was higher than 10 9 a, indicating excellent galvanic cor- 
rosion resistance of this adhesive film. 

15 

(Multilayer printed circuit board) 

Said 50 urn thick adhesive film was placed overlaying both sides of the interlayer substrate made in Comparative 
Exanple 1 , and then an 1 8 um thick single-side roughened copper foil was placed on the outside of each adhesive film 

20 so that the roughened side of the copper foil would face the adhesive film, followed by hot pressure molding under the 
conditions of 170°C, 2.5 MPa and 60 minutes to make a multilayer copper-clad laminate having inner layer circuits, and 
its surface roughness was measured by a feeler type surface roughness tester. At the location of measurement on the 
outerlayer surface on a 25 mm straight line including the portion where inner layer circuit was present immediately ther- 
ebelow and the portion where no such circuit was present, the 10-point average of level difference between said two 

25 portions was less than 3 urn, which warranted good surface flatness suited for circu working of this laminate. 

Using this multilayer copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was made in 
the same way as in Example 1 . 

(Test of multilayer printed circuit board) 

30 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were measured according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 30 ppm/°C (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse directions was 20 GPa at normal temperature and 10 GPa at an elevated temperature 
35 (200°C). Barcol hardness of the laminate was 30 at normal temperature and 10 at an elevated temperature (200°C). 

(Wire bonding workability) 

Bare chips were mounted at a part of said 10-layer printed circuit board and connected to surface circuits by wire 
ao bonding under the conditions of: ultrasonic output = 1 W; ultrasonic output duration = 50 us; bonding load = 100 g. Sep- 
aration of wire occurred even when wire bonding temperature was lowered to 100°C. 

(Thermal shock test) 

45 In the thermal shock test of said 10-layer printed circuit board conducted in the same way as in Example 1 , discon- 
nection occurred at solder joints after around 100 test cycles. Disconnection was also seen in the conduction test of the 
circuits including interstrtrtal via holes in the board. 

As described above, the insulating varnish according to the first embodiment of the present invention, in which an 
ion adsorbent has been added, is capable of elevating insulation reliability of multilayer printed circuit boards using the 

so adhesive films blended with electrical insulating whiskers. 

The adhesive film obtained by using the insulating varnish produced according to the first embodiment of the 
present invention has made it possible to mold epoxy resins into sheets or sheet-like articles owing to the addition of 
electrical insulating whiskers, and the printed circuit boards produced by using said adhesive films have high surface 
flatness, hence good circuit workability, and are also credited with high packaging reliability because of high rigidity. 

55 good wire bonding workability because of high surface hardness, and excellent dimensional stability because of small 
thermal expansion coefficient. Thus, this embodiment of the present invention greatly contributes to the realization of 
higher packaging density, smaller thickness, higher reliability and lower cost of multilayer printed circuit boards. 
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Example 3 

(Ins ting varnish) 

5 ... a resin varnish comprising 70 parts by weight of a bisphenoi A novolak epoxy resin (molecular weight 1.200; 
eooxv SeS 6) SOpartsby weight of a bisphenoi A novolak resin (molecular weight: 600; hydorxyl equivalent 
ffoTSt wVghtd^^^irnidazole and 70 parts by weight of methyl ethyl ketone the aluminum 
ooriie ^Krs nrnnn average dameter of 0.8 pm and an average fiber length of 20 r were "erde^ an amount 
oTi pS wig^ pImoo parts by weight of resin solids, and the mixture was stirred until alummum borate wtuskers 

» ZS^rmly^nTed in toe varnish. This dispersion was passed through a 200-mesh nylon titer to remove the 
whisker aggregates having a size greater than 50 urn. 

(Adhesive f am) 

The resulting insulating varnish cleared of whisker aggregates with the sizes greater than 50 urn was knife coated 
mVreVnswfXen^ 

^ ^randthe PET film-attached adhesive films having an adhesive layer thickness of 50 .mar* MOO pm. PET 
film was peeled off from said PET fam-attached adhesive films to obtain the 50 ^m and 100 ^ th«k adhesnre f.lms 
rnmnriRina whiskers and harf-cured epoxy resins with a whisker volume fraction of 30%. 

^T^S^ti^ famsTuW be cut clean without causing scattering of resin by a cutfng knife and 
shea^e^f^ 

STnlX vanish on PET films suffered no trouble such as break during peeling of ^^^^ 
ZT^W be Z dean without causing scattering o, resin, showed no liability to blocking and had good handhng 

25 qualities. 

(Galvanic corrosion test) 

Insulation resistance of the galvanic corrosion test pieces made by using said cwerjoiled ^^^ h *j" 9 
an aSe layer thickness of 50 »m in the same way as in Example 1 was greater than 1 0* ft wh.ch endorsed excel- 
lent galvanic corrosion resistance of said adhesive f ilm. 

(Bending modulus) 

Bending modulus of the copper-clad laminate made by using said 100 M m thk* adhesive ^ n .*""T"^ 
in Ex^le l^s measured byTthree-poW bending test, was 20 GPa (average of measurements .n the long.tud.nal 
and transverse directions, without copper foil). 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom iamir«tes of a 0.3 mm0<lrilled 10-oiece assembly 
of said copper-clad laminates made in the same way as in Example 1 was less than 20 urn. 

(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was made in the same way as in Example 1 by. using 
«H soTm ^ «tw*e film and its surface roughness was measured by a feeler type surface roughness tester. At 
^ZT^TnZ outer fcyer s^ce on a 25 mm straight ft. ^^T^Z^T 
drcuit was present immedfctely therebelow and the portion devoid of such arcurt the 1 frport average £ lev* dtar- 
^ce between said drcuit-laid portion and no^ircuit portion was less than 3 „m, .nd.cat.ng good surface flatness surted 

f ^dad laminate having inner layer circuHs. a 10-layer printed circuit board was made in 

me same way as in Example 1. 

55 (Test of multilayer printed drcuit board) 

A part of this 10-layer printed circuit board was cut out and its thermal expansion coeffident and bending modulus 
were measured according to TMA and bending mode DMA. respectively The mean thermal expanse coeff .cent of 
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the longitudinal and transverse directions was 10 ppmAC (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse directions was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
(200°C). Barcol hardness of this board was 65 at normal temperature and 50 at an elevated temperature (200°C). 

5 (Wire bonding workability) 

Wire bonding was conducted with this 1 0-layer printed circuit board in the same way as in Example 1 . It was pos- 
sible perform wire bonding in a quite satisfactory way. 

io (Thermal shock test) 

In the thermal shock test conducted on said 1 0-layer printed circuit board in the same way as in Example 1 , no trou- 
ble such as disconnection occurred at solder joints even after 2,000 test cycles. There was also seen no trouble such 
as disconnection in the conduction test of the circuits including interstitial via holes in the board. 

15 

Example 4 
(Varnish) 

20 In a resin varnish comprising 70 parts by weight of a salicylaldehyde novolak epoxy resin (molecular weight: 1 ,000; 
epoxy equivalent: 180), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyal equivalent: 
118), 0.5 part by weight of N-methylimkJazole as curing accelerator and 70 parts by weight of methyl ethyl ketone, the 
aluminum borate whiskers having an average diameter of 0.8 jim and an average fiber length of 20 jim were blended 
in an amount of 90 parts by weight per 100 parts by weight of resin solids, and the mixture was stirred until aluminum 
25 borate whiskers were uniformly dispersed in the varnish. 

The dispersion was passed through a 200-mesh nylon filter to separate whisker aggregates of the sizes greater 
~3han50um. 

(Adhesive film) 

30 

The resulting insulating varnish cleared of said whisker aggregates greater than 50 urn was knife coated on the 18 
nm thick copper foils and the 50 thick PET films and dried by heating at 1 50°C for 1 0 minutes to half -cure the resins 
while removing the solvent to make the copper-foiled adhesive films having an adhesive layer thickness of 50 ^m and 
100 urn, and the PET film-attached adhesive films having an adhesive layer thickness of 50 urn and 100 urn. PET film 
35 was peeled off from the PET f im-attached adhesive films to obtain the 50 \um and 1 00 urn thick adhesive films compris- 
ing whiskers and half-cured epoxy resins with a whisker volume fraction of 30%. 

The copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife and 
shears, were blocking-free and had good handling qualities. Also, the adhesive films produced by coating said insulat- 
■:; ing varnish on PET films suffered no trouble such as break during peeling of PET film and normal handling, could be 
40 cut clean without causing scattering of resin, were blocking-free and had good handling qualities. 

(Galvanic corrosion test) 

Insulation resistance of the galvanic corrosion test pieces made by using said copper-foiled adhesive films having 
45 an adhesive layer thickness of 50 pm in the same way as in Example 1 was higher than 10 9 d which confirmed excel- 
lent galvanic corrosion resistance of said adhesive film. 

(Bending modulus) 

so Bending modulus, measured by a three-point bending test, of the laminate obtained by using said 100 \xm thick 
adhesive film in the same way as in Example 1 was 20 GPa (average of measurements in the longitudinal and trans- 
verse directions, without copper foil). 

(Drilling accuracy) 

55 

Positional dicrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 10-piece assembly 
of said copper-clad laminates made in the same way as in Example 1 was less than 20 pm. - - ■ ■ 
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(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was made by following the procedure of Example 1 and 
its surface roughness was measured by a feeler type surface roughness tester. At the location of measurment or .the 
s outer layer surface on a 25 mm straight line including the portion where inner layer circuit was present .mmediately ther- 
ebelow and the portion having no circuit therebelow, the 10-point average of level difference between sard arcurt-lard 
portion and no-circuit portion was less than 3 urn, which evidenced good surface flatness suited for circuit working of 

^uSngSte multilayer copper-dad laminate having inner layer circuits, a 10-layer printed circuit board was made in 
to the same way as in Example 1 . 

(Test of multilayer printed tircuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coeffident and bending modulus 
were measured according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 10 ppnVC (at normal temperature) and the mean b^ modu^ ^ 
the longitudinal and transverse directions was 60 GPa at normal temperature and 50 GPa at an elected temperature 
(200 o C). Barcol hardness of the board was 65 at normal temperature and 55 at an elevated temperature (200°C). 

20 (Wire bonding workability) 

Wire bonding could be conducted in a satisfactory way with this circuit board in accordance with the method of 
Example 1. 

25 (Thermal shock test) 

In the thermal shock test conducted in the same way as in Example 1 . no trouble such as disconnection took place 
at solder joints even after 2.000 test cycles. Also, no trouble was observed in the conduction test of the circuits including 
interstitial via holes in the board. 

30 

Comparative Example 4 
(Varnish) 

In a resin varnish comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1 ,200; 
epoxy equivalent: 206). 30 parts by weight of a bisphenol Anovolak resin (molecular weight: 700; hydroxy! equivalent: 
118) 05 part by weight of 2-ethyl-4-methylimida2ole and 70 parts by weight of methyl ethyl ketone, the aluminum 
borate whiskers having an average diameter of 0.8 urn and an average fiber length of 20 urn were blended in an amount 
of 90 parts by weight per 100 parts by weight of resin solids, and the mixture was stirred until the whiskers were uni- 
40 formly dispersed in the varnish. 

(Adhesive film) 

The thus obtained insulating varnish, without having been passed through a 200-mesh nylon filter, was knife coated 
on the 18 inn thick copper foils and 50 um thick PET films and dried by heating at 150"C for 10 minutes to hatf-cure the 
resins while removing the solvent to make the copper-foiled adhesive f 1ms having an adhesive layer thickness of 50 > um 
and 100 um and the PET film-attached adhesive films having an adhesive layer thickness of 50 urn and 100 um. PET 
film was peeled off from PET film-attached adhesive films to obtain the 50 um and 100 pm thick adhesive films com- 
prising whiskers and haH-cured epoxy resins with a whisker volume fraction of 30%. 

The copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife and 
shears kept free from blocking with each other and had good handling qualities. Also, the adhesive f ilms made by coat- 
ing the' insulating varnish on PET films had no trouble such as break during peeling of PET film and normal handhna 
could be cut clean withoug causing scattering of resin by a cutting knife and shears, kept free from blocking with each 
other and had good handling qualities. 
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(Galvanic corrosion test) 

Following the procedure of Example 1 . a galvanic corrosion test piece was made by using said adhesive film having 
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an insulating layer thickness of 50 and its change with time was examined in an atmosphere of 85°C and 85% RH. 
- - Insulation resistance of the test piece after left in said atmosphere for 250 hours was below 10 9 a indicating poor gal- 
vanic-corrosion resistance of the adhesive film. 

5 (Bending modulus) 

Bending modulus, measured by a three-point bending test, of the copper-clad laminate obtained by using said 100 
urn thick adhesive film in the same way as in Example 1 was 20 GPa (average of measurements in the longitudinal and 
transverse directions, without copper foil). 

10 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 10-piece assembly 
of said copper-clad laminates made in the same way as in Example 1 was less than 20 um. 

15 

(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was made in the same way as in Example 1 and its 
,- surface roughness was measured by a feeler type surface roughness tester. At the location of measurement on the 
20 outer layer surface of the laminate on a 25 mm straight line including the portion where inner layer circuit was present 
immediately therebelow and the portion where no such circuit was present, the 10-point average of level difference 
between said two portions was less than 3 urn. which implies good surface flatness suited for circuit scribing of the lam- 
inate. 

25 (Test of multilayer printed circuit board) 

A part of said multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modu- 
lus were determined according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient 
... of the longitudinal and transverse directions was 10 ppmAC (at normal temperature) and the mean bending modulus of 
30. : the longitudinal and transverse cOrections was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
(200°C). Barcol hardness of the board was 65 at normal temperature and 50 at an elevated temperature (200°C). 

(Wire bonding workability) 

35 Wire bonding could be conducted in a satisfactory way with said 10-layer printed circuit board in accordance with 
the method of Example 1 . 

(Thermal shock test) 

40 In the thermal shock test conducted in the same way as in Example 1 , there was observed no trouble such as dis- 
connection at solder joints even after 2,000 test cycles. Also, no trouble occurred in the conduction test of the circuits 
including interstitial via holes in the board. 

Comparative Example 5 

45 • 

(Prepreg) 

A resin varnish comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1 ,200; epoxy 
equivalent: 206), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent:. 118). 
so . 0.5 part by weight of 2-ethy l-4-methyIi midazole and 70 parts by weight of methyl ethyl ketone was impregnated in the 
50 urn thick and 100 thick pieces of glass cloth and dried by heating at 150°C for 10 minutes to harf-cure the resins 
while removing the solvent to produce the 70 >im thick and 120 *im thick glass-reinforced epoxy prepregs composed of 
glass cloth and half-cured epoxy resins. 

Scattering of resin took place when these prepregs were cut by a cutting knife and shears. 

55 

(Galvanic corrosion test) 

Insulation resistance of the galvanic corrosion test pieces made by using said epoxy prepreg having an insulating 
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layer thickness of 50 urn in the same way as in Example 1 was higher than 10 9 n, which confirmed excellent galvanic 
corrosion resistance of the cured products of said epoxy prepreg. 

(Bending modulus) 

Bending modulus, measured by a three-point bending test, of the copper-clad laminate made by using the 120 ^im 
thick glass-reinforced epoxy pregreg in the same way as in Example 1 was 8 GPa (average of measurements in the lon- 
gitudinal and transverse directions, without copper foil). 



10 (Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 1 0-piece assembly 
of said copper-clad laminates made in the same way as in Example 1 was greater than 50 urn. 

15 (Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layercircuits was made in the same way as in Example 1 and its sur- 
face routhness was measured by a feeler type surface roughness tester. At the location of measurement on the outer 
layer surface of the laminate on a 25 mm straight line including the portion where inner layer circuit was present imme- 
diately therebelow and the portion devoid of such circuit, the 10-point average of level difference between said portions 
was greater than 8 urn. 

A predetermined position of the surface copper foil of said multilayer copper-clad laminate was etched away to form 
a 75 jim-diameter opening, and it was tried to drill this opening by using impact laser mfd. by Sumitomo Heavy Indus- 
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tries. Ltd.. but the glass portion could not be removed 
Comparative Example 6 



(Adhesive film) 

30 A thermosetting resin comprising 50 parts by weight of a high-molecular weight epoxy polymer having a weight- 
average molecular weight of 50.000. 50 parts by weight of a bisphenol A epoxy resin (molecular weight: 1 .200; epoxy 
equivalent: 206), 0.2 equivalent of a phenolic resin masked diisocyanate as crosslinking agent of said high-molecular 
weight epoxy polymer and 0.5 part by weight of 2-ethyl-4-methylimidazole as curing agent was knife coated on an 18 
urn thick copper foil and a 50 \itr\ thick PET film and dried by heating at 150°C for 10 minutes to half-cure the resins 

35 while removing the solvent to make a copper-foiled adhesive f ilm having an adhesive layer thickness of 50 urn and a 
PET film-attached adhesive film having an adhesive layer thickness of 50 urn. PET film was stripped off from the PET 
film-attached adhesive film to make a 50 >im thick adhesive film composed of half-cured epoxy resins. 

The thus obtained adhesive film suffered no trouble such as break during peeling of PET film and normal handling 
and could be cut clean without causing scattering of resin, but blocking took place between prepregs, impairing han- 

40 dling qualities of the adhesive film. 



(Galvanic corrosion test) 

Insulation resistance of the test pieces measured in the same way as in Example 1 was higher than 10 9 n, which 
45 confirmed high galvanic corrosion resistance of the present adhesive film. 

(Multilayer printed circuit board) 

Said 50 *im thick adhesive film was laid on both sides of the interlayer substrate made in Comparative Example 4, 
so and an 18 pm thick single-side roughened copper foil was further laid on the outside of said adhesive film so that the 
roughened side of the copper foil would face the adhesive film, and the assembly was hot pressure molded to make a 
muttilayer copper-clad laminate having inner layer circuits. 

Surface roughness of this multilayer copper-clad laminate was measured by a feeler type surface roughness tester. 
At the location of measurement on the outer layer surface on a 25 mm straight line including the portion where inner 
55 layer circuit was present immediately thereblow and the portion where no such circuit was present, the 10-point average 
of level difference between these portions was less than 3 jim, indicating good surface flatness suited for circuit scrfoing 
of said laminate. 

Using this multilayer copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was manufac- 
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tured following the procedure of Example 1. 
(Test of multilayer printed circuit board) 

5 A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were determined according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 30 ppm/°C (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse cf rections was 20 GPa at normal temperature and 10 GPa at an elevated temperature 
(200°C). Barcol hardness of the board was 30 at normal temperature and 10 at an elevated temperature (200°C). 

10 

(Wire bonding workability) 

Bare chips were mounted at a part of said 10-layer printed circuit board and connected to surface circuits by wire 
bonding. Wire bonding was conducted under the conditions of: ultrasonic output = 1 W; ultrasonic output duration = 50 
is us; bonding load = 1 00 g. Separation of wires occurred even when the wire bonding temperature was lowered to 1 00°C. 

(Thermal shock test) 

In the thermal shock test same as practiced in Example 1 , disconnection occurred at solder joints after around 100 
20 test cycles. Disconnection was also observed in the conduction test of the circuits including interstitial via holes in the 
board. 

As described above, in the insulating varnish producing process according to the second embodiment of the 
present invention, it is possible to prevent the electrical insulating whiskers from existing in the form of aggregates in the 
whisker-Wended adhesive film at the stage of insulating varnish, so that insulation reliabOity of the adhesive film is 

25 enhanced. The adhesive film obtained by using the insulating varnish produced according to the second embodiment 
of the present invention is thus characterized by the addition of electrical insulating whiskers which made it possible to 
shape the epoxy resin prepregs into a sheet, and the printed circuit boards made by using this adhesive film have good 
circuit workability because of flat surface, high packaging reliability because of high rigidity, good wire bonding worka- 
bility because of high surface hardness, and high dimensional stability because of small thermal expansion coefficient. 

30 This embodiment of the present invention, therefore, greatly contributes to the realization of higher packaging density, 
smaller size, higher reliability and lower cost of the multilayer printed circuit boards. 

Example 5 

35 (Varnish) 

A thermosetting resin comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1 ,200; 
epoxy equivalent: 206). 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 
118) and 0.5 part by weight of 2-etriyl-4-methylimidazole was supplied into a slurry of aluminum borate whiskers and 

40 stirred until the whiskers were uniformly dispersed in the varnish. 

The slurry of aluminum borate whiskers was obtained by supplying 90 parts by weight of aluminum borate whiskers 
having an average diameter of 0.8 um and an average ffoer length of 20 urn into 180 parts by weight of methyl ethyl 
ketone and mixing them with stirring for 15 minutes. 

The thus obtained insulating varnish was knife coated on the 1 8 um thick copper foils and the 50 pm thick PET films 

45 and dried by heating at 150°C for 10 minutes to half-cure the resins while removing the solvent to make the copper- 
foiled adhesive films having an adhesive layer thickness of 50 ^m and 1 00 um and the PET film-attached adhesive films 
having an adhesive layer thickness of 50 jim and 100 Mm Then PET film was stripped off from the PET film-attached 
adhesive films to obtain the 50 um and 1 00 um thick adhesive films composed of whiskers and half-cured epoxy resins 
with a whisker volume fraction of 30%. 

so The copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife and 
shears, showed no blocking tendency to each other and had good handling qualities. Also, the adhesive films made by 
coating the varnish on PET films suffered no trouble such as break during peeling of PET film and normal handling, 
could be cut clear without causing scattering of resin by a cutting knife and shears, kept free from blocking and had 
good handling qualities. 

55 

(Galvanic corrosion test) 

On the copper foil surface of a 0.8 mm thick double-sided copper-clad glass-reinforced epoxy laminate, an etching 
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resist pattern was formed in conformity to the inner layer electrode to be used in the galvanic corrosion test, and after 
removing the unnecessary portion of the copper foil by etching, said copper-foiled adhesive film having an insulating 
layer thickness of 50 pm was laminated on both sides of said laminate so that the adhesive film would contact the elec- 
trode pattern, and the laminate was hot-pressure molded under the conditions of 175°C, 2.5 MPa and 60 minutes. At 
the part of the molded laminate which was positioned in registration with the inner layer electrode pattern, an etching 
resist pattern was formed in conformity to the shape of the outer layer electrode, and the unnecessary portion of the 
copper foil was etched away to obtain a galvanic corrosion test piece. 

50 V was applied across the formed inner and outer layer electrodes, and insulation resistance of the laminate was 
measured after having been left in an atmosphere of 85*C and 85% RH for 1 ,000 hours. The laminate showed insula- 
tion resistance of higher than 10 9 Q indicating excellent galvanic corrosion resistance of the adhesive film. 

(Bending modulus) 

, An 18 jirn thick single-side roughened copper foil was placed on both sides of the 100 urn thick adhesive film so 
that the roughened side of the foil would face the adhesive f am, and hot-pressure molded under the conditions of 1 75°C, 

2.5 MPa and 60 minutes. , 

The copper foil of the resulting copper-clad laminate was etched away and the bending modulus of the laminate 
was measured by a three-point bending test. It was 20 GPa (average of measurements in the longitudinal and trans- 
verse directions, without copper foil). 

(Drilling accuracy) 

*atiA 10-piece assembly of said copper-clad lamiantes was drilled by a 0.3 mm-bore drill and the positional discrep- 
ancy between the holes in the top and bottom laminates was measured. It was less than 20 jim. 

(Multilayer printed circuit board) 

The unnecessary part of the copper foil of said copper-clad laminate was etched away to form a circuit, and the 
previously made 50 jim thick adhesive film of the present invention was placed on both sides of the laminate. On the 
outside thereof was further laminated an 18 jim thick single-sided roughened copper foil so that its roughened side 
would face the adhesive film, followed by hot pressure molding under the conditions of 1 75°C, 2.5 MPa and 60 minutes 
to make a multilayer copper-clad laminate having inner layer circuits. 

The surface roughness of this multilayer copper-clad laminate was measured by a feeler type surface roughness 
tester At the location of measurement on the outer layer surface on a 25 mm straight line including the portion where 
the inner layer circuit was present immediately therebelow and the portion where no such circuit was present, the 10- 
point average of level difference between said portions was less than 3 pm. indicating excellent surface flatness suited 
for circuit working of the laminate. . . 

Further the predetermined position of the surface copper foil of said multilayer copper-clad laminate having inner 
layer circuits was etched away to form an opening with a diameter of 75 urn, and this opening was drilled by an impact 
laser mfd by Sumitomo Heavy Industries. Ltd., followed by a smearing treatment with permanganic acid, electrdess 
plating, printing of an etching pattern, development thereof and removal of the unnecessary copper by etching to form 

3 ^^nboth sides of the thus obtained multilayer printed circuit board was placed said 50 urn adhesive film, and on the 
outside thereof was further placed an 1 8 Mm thick single-sided roughened copper foil so that its roughened side would 
face the adhesive f am, and the assembly was hot pressure molded under the conditions of 1 75°C, 2.5 MPa and 60 min- 
utes to make a multilayer copper-clad laminate having inner layer circuits. Then the copper foil at the predetermined 
position of the laminate was etched away to form an opening with a diameter of 75 ^m and this opening was drilled by 
an impact laser mfd. by Sumitomo Heavy Industries. Ltd., followed by smearing with permanganic acid, electroless plat- 
ing, printing and development of the etching pattern, and removal of the unnecessary copper by etching to form a cir- 
cuit. The above operations were repeated to make a 10-layer printed circuit board. 

(Test of multilayer printed circuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were measured according to TMA and bending mode DMA. respectively The mean thermal expansion coefficient of 
the longitud nal and transverse directions was 10 ppm/>C (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse directions was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
(200°C). The Barcol surface hardness was 65 at normal temperature and 50 at an elevated temperature (200°C). 
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(Wire bonding workability) 

Wire bonding could be conducted in a satisfactory manner with this circuit board according to the method of Exam- 
pie 1. 

(Thermal shock test) 

lnttel h e nnalshod<KstcoW.JcMdii.fc^ 

" "EE £S,*^™2^« h «» «^*. *«* IMM * 

holes in the board. 



Example 6 

15 (Varnish) 

A thermosetting resin comprising 70 parts by weight of a salicylaldehyde novolak epoxy resin (molecular weight: 
S'l^oTSrt Z , weigrrt^N-methyTimida.o.e was fed into a slurry of aluminum borate whskers and sirred 

having an average diameter of 0.8 ^ and an average fber length of 20 nm into 180 parts by weight of methyl ethyl 
ketone and mixing them by stirring for 1 5 minutes. 

25 (Adhesive film) 

The thus obtained insulating varnish was knife coated on an 1 8 urn thick copper foil and a SOjm ^thick PET f ilrr , and 
dried bv heating at 150-C for 10 minutes to half cure the resins while removing the solvent to obtajn the copper-foiled 
adhl^eSa^ an adhesive layer tWckness of 50 urn and 100 urn and the PET film-attached adhes^e films hay- 
r^radhSeTy^ScSess of 50 um and 100 um. PET fim was peeled ^^^f^wS 
make the 50 ,im thick and 100 urn thick adhesive films comprising whiskers and half-cured epoxy resin with a whisker 

^pr^^-foHed adhesh* films couW be cut clean without causing scattering o^in bya^tt^ 
p^IhLrTanc l^were proof against blocking and had good handling qualities. Also, the adhesive hlmsmade by 
StinaThJpET £l XaSating varnish suffered no trouble such as breakduring peeling of the PET filmand 
S Z dean without scattering of resin by a cutting knife and shears, remaned free from btock- 

ing and had good handling qualities. 



30 1! 



35 



(Galvanic corrosion test) 

40 insulation resistance of the test pieces made and tested in the same way as in Example 5 was higher than 1 0 9 a 
indicating excellent galvanic conosion resistance of said adhesive films. 



45 



(Bending modulus) 

Bending modulus of the laminates made by using said adhesive f ilms in the same way as in Example 5. as meas- 
ured by^tZ^nt bending test, was 20 GPa (average of measurements in the longrtudinal and transverse director*, 
without copper foil). 

so (Drilling accuracy) 

Posrtional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 10-piece accumu- 
lation of said copper^lad laminates was less than 20 urn. 

55 (Multilayer printed circuit board) 

Surface roughness of a multilayer copper-dad laminate having inner layer circuits made in the same way as in 
eJ^J^L^ by a feeler type surface roughness tester. As a result, at the location of measurement on the 
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outer layer surface on a 25 mm long straight line including the portion where inner layer circuit was present immediately 
therebeiow and the portion where no such circuit was present, the 10-point average of level difference between said 
portions was less than 3 um, indicating excellent surface flatness suited for circuit working of said laminate. 

Using these multilayer copper-clad laminates having inner layer circuits, a 10-layer printed circuit board was man- 
5 ufactured in the same way as in Example 5. 

(Test of multilayer printed circuit board) 

Thermal expansion coefficient and bending modulus of said multilayer printed circuit board were determined in the 
w same way as described above. As a result, the mean thermal expansion coefficient of the longitudinal and transverse 
directions was 10 ppm/°C (at normal temperature) and the mean bending modulus of the longitudinal and transverse 
directions was 60 GPa at normal temperature and 50 GPa at an elevated temperature (200°C). Barcol surface hardness 
of the laminate was 65 at normal temperature and 55 at an elevated temperature (200 °C). 

15 (Wire bonding workability) 

Wire bonding could be performed in a satisfactory way with this board in accordance with the method of Example 1 . 

(Thermal shock test) 

20 

In the thermal shock test conducted in the same way as in Example 1 . there occurred no trouble such as discon- 
nection at the solder joints even after 2,000 test cycles. Also, not rouble such as disconnection was noted in the con- 
duction test of the circuits including interstitial via holes in the board. 

25 Comparative Example 7 

(Varnish) 

In a thermosetting resin comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 
30 1 ,200; epoxy equivalent: 206), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equiv- 
alent: 1 1 8), 0.5 part by weight of 2-ethyl-4-methylimidazole and 70 parts by weight of methyl ethyl ketone, the aluminum 
borate whiskers having an average diameter of 0.8 um and an average fiber length of 20 um were blended in an amount 
of 90 parts by weight per 100 parts by weight of resin solids and stirred until the aluminum borate whiskers were uni- 
formly dispersed in the varnish. 

35 

(Adhesive film) 

This insulating varnish was knife coated on an 1 8 um thick copper foil and a 50 um thick PET film and dried by heat- 
ing at 150°C for 10 minutes to half cure the resins while removing the solvent to obtain the copper-foild adhesive films 
40 having an adhesive layer thickness of 50 um and 100 um and the PET film-attached adhesive films having an adhesive 
layer thickness of 50 um and 1 00 um PET film was peeled off from the PET-attached adhesive films to make the 50 um 
thick and 100 um thick adhesive films comprising whiskers and half-cured epoxy resin with a whisker volume fraction of 
30%. 

The thus obtained copper-foiled adhesive films could be cut clean without causing scattering of resin, remained 
45 free from blocking and had good handling qualities. Also, the PET-attached adhesive films had no trouble such as break 
during peeling of the PET film and normal handling, could be cut clean without causing scattering of resin, remained 
free from blocking and had good handling qualities. 

(Galvanic corrosion test) 

50 

A galvanic corrosion test piece was made using said adhesive film with an insulating layer thickness of 50 um and 
its change with time was examined under an atmosphere of 85° C and 85% RH, in the same way as in Example 5. Insu- 
lation resistance of the test piece after having been left in said atmosphere for 250 hours was less than 10 9 O, mani- 
festing poor galvanic corrosion resistance of said adhesive film. 

55 

(Bending modulus) 

Bending modulus of a copper-clad laminate made by using said 100 urn thick adhesive film in the same way as in 
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Example 5, as measured by a three-point bending test, was 20 GPa (average of measurements in the longitudinal and 
transverse directions, without copper foil). 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates in a 0.3 mm0-drilled 1 0-piece assembly 
of said copper-clad laminates was less than 20 urn. 

(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was made by using said 50 ^m thick adhesive film in 
the same way as in Exarrple 5 and its surface roughness was measured by a feeler type surface roughness tester. At 
the location of measurement on the outer layer surface on a 25 mm straight line including the portion where inner layer 
circuit was present immediately therebelow and the portion where no circuit was present, the 10-point average of level 
difference between said portions was less than 3 *im, indicating excellent surface flatness suited for circuit working of 
said laminate. Using this multilayer copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was 
made in the same way as in Example 5. (Test of multilayer printed circuit board) 

Thermal expansion coefficient and bending modulus of said multilayer printed circuit board were determined in the 
same way as described above. As a result, the mean thermal expansion coefficient of the longitudinal and transverse 
directions was 10 ppm/°C (at normal temperature) and the mean bending modulus of the longitudinal and transvese 
directions was 60 GPa at normal temperature and 40 GPa at an elevated temperature (200°C). Barcol surface hardness 
of the laminate was 65 at normal temperature and 50 at an elevated temperature (200°C). 

(Wire bonding workability) 

Wire bonding could be performed in a satisfactory way in accordance with the method of Example 1. 

(Thermal shock test) 

so In the thermal shock test of said 1 0-layer printed circuit board conducted in the same way as in Example 1 . there 
took place no trouble such as disconnection at the solder joints even after 2,000 test cycles. 

Also, no trouble such as disconnection was observed in the conduction test of the circuits including interstitial via 
holes in the board. 

35 Comparative Example 8 

(Prepreg) 

A thermosetting resin comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1 .200; 
40 epoxy equivalent: 206), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 
118), 0.5 part by weight of 2-ethyl-4-methytimidazole and 70 parts by weight of methyl ethyl ketone was impregnated in 
the 50 and 100 jim thick pieces of glass cloth and dried by heating at 150°C for 10 minutes to half cure the resins 
while removing the solvent to make the 70 jim and 1 20 >im thick epoxy prepregs composed of glass doth and half-cured 
epoxy resin. 

45 The produced prepregs. when cut by a cutting knife and shears, caused scattering of resin. 
(Galvanic corrosion test) 

On the copper foil of a 0.8 mm thick double-sided copper-clad glass-reinforced epoxy laminate, an etching resist 
so pattern was formed so as to provide an inner layer electrode for the galvanic corrosion test and the unnecessary por- 
tion of the copper foil was etched away. Then the previously made epoxy prepreg having an insulating layer thickness 
of 70 urn and an 18 jim thick single-side roughened copper foil were laminated on both sides of said pattern-formed 
copper-clad laminate in such a manner that the epoxy prepreg would face the electrode-forming pattern on the inner 
layer surface and hot-pressure molded under the conditions of 175°C, 2.5 Mpa and 60 minutes The unnecessary por- 
55 tion of the copper foil of the obtained laminate was etched away, and a pattern designed to provide an outer layer elec- 
trode was formed at the part positioned in registration with the inner layer electrode pattern. 50 V was applied across 
said inner and outer layer electrodes, and insulation resistance of the test pieces after having been left in an atmos- 
phere of 85°C and 85% RH for 1 ,000 hours was measured. It was above 10 9 O. which confirmed excellent galvanic cor- 
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(Bending modulus) 

An 1 8 urn thick single-sided roughened copper foil was laminated on both sides of the produced 1 20 pm thick epoxy 
prepreg so that the roughened side of the copper foil would face the prepreg. and the assembly was hot pressure 
molded under the conditions of 175°C, 2.5 MPa and 60 minutes. The copper foil of the obtained copper^lad laminate 
was etched away and the bending modulus of the laminate was measured by a three-point bending test. It was 8 taPa 
(average of measurements in the longitudinal and transverse directions, without copper foil). 

(Drilling accuracy) 

A 10-piece assembly of said copper-clad laminates was drilled by a 0.3 mm0 drill and the positional discrepancy 
between the holes in the top and bottom laminates was measured. It was greater than 50 jim. 

(Multilayer printed circuit board) 

Circuits were formed on said copper-clad laminate to make an interlayer substrate, and a 70 urn thick glass-rein- 
forced epoxy prepreg was laminated on both sides thereof. On the outside of said prepreg was further laminated an 18 
urn thick single-sided roughened copper foil so that the roughened side of the copper foil would face the prepreg. and 
the assembly was hot pressure molded to make a multilayer copper-dad laminate having inner layer circuits. 

The surface roughness of this multilayer copper-clad laminate was measured by a feeler type surface roughness 
tester As a result at the location of measurement on the outer layer surface on a 25 mm long straight line including the 
portion having inner layer circuit immediately therebelow and the portion having no such circuit therebelow, the 10-point 
25 average of level difference between said portions was greater than 8 pm. 

Further a predetermined position of the surface copper foil of said multilayer copper-clad laminate was etched 
away to form a 75 ^m-diameter opening, and it was tried to drill this opening by an impact laser mfd. by Sumitomo 
Heavy Industries. Ltd.. but it was impossible to remove the glass portion. 

30 Comparative Example 9 

(Adhesive film) 

A thermosetting resin comprising 50 parts by weight of a high-molecular weight epoxy polymer having a weight- 
average molecular weight of 50.000, N.N-dimethylacetamide used as diluent in such an amount that the high-molecular 
weight epoxy polymer would become 30% by weight as solids, 50 parts by weight of a bisphenol A epoxy resin (molec- 
ular weight^; epoxy equivalent: 175), 0.2 equivalent of a phenol resin masked diisocyanate as crosslinking agent of 
the high-molecular weight epoxy polymer, and 0.5 part by weight of 2-ethyl-4-methylimidazole was knife coated on an 
18 urn thick copper foil and a 50 »im thick PET film and dried by heating at 150°C for 10 minutes to half cure the resins 
while removing the solvent to obtain a copper-foiled adhesive film having an adhesive layer thickness of 50 um anda 
PET film-attached adhesive film having an adhesive layer thickness of 50 ^m. PET film was peeled off from the PET 
film-attached adhesive f Mm to make a 50 M m thick adhesive film composed of whiskers and harf-cured epoxy resins with 

a whisker volume fraction of 30%. . . 

The thus obtained adhesive film encountered no trouble such as break during peeling of the PET film and normal 
handling and could be cut clean without causing scattering ol resin, but this film was liable to blocking and bad in han- 
dling qualities. 

(Galvanic corrosion test) 

Insulation resistance of the test pieces measured in the same way as in Example 5 was greater than 10 9 a which 
confirmed excellent galvanic corrosion resistance of said adhesive film. 

(Multilayer printed circuit board) 

Said 50 Mm thick adhesive film was placed on both sides of the interlayer substrate manufactured in Comparative 
Exarrple 7 and on the outside of said adhesive fflm was further laminated an 18 pm thick single-sided roughened cop- 
per foil so that the roughened side of the copper foil would face the adhesive film, and the assembly was hot pressure 
molded under the conditions of 1 75°C, 2.5 MPa and 60 minutes to make a multilayer copper-clad laminate having inner 



35 



40 



45 



SO 



55 



28 



BNSDOCiL <EP 0873047A2_I_> 



EP0873 047A2 

layer circuits. 

The surface roughness of this multilayer copper-clad laminate was measured by a feeler type surface roughness 
tester. As a result at the location of measurement on the outer layer surface on a 25 mm long straight line including the 
portion having inner layer circuit immediately therebelow and the portion having no such circuit, the 10-point average of 
5 level difference between said portions was less than 3 \itr\ t indicating excellent surface flatness suited for circuit working 
of said laminate. 

Using said multilayer copper-clad laminate having inner layer circuits, a KHayer printed circuit board was made in 
the same way as in Example 5. 

io (Test of multilayer printed circuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were measured according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 30 ppm/°C (at normal temperature) and the mean bending modulus of 
is the longitudinal and transverse ejections was 20 GPa at normal temperature and 10 QPa at an elevated temperature 
(200 °C). Bared surface hardness of the board was 30 at normal temperature and 10 at an elevated temperature 
(200°C). 

(Wire bonding workability) 

20 

Bare chips were mounted at a part of this 10-layer printed circuit board and connected to the surface circuits by wire 
bonding conducted under the conditions of: ultrasonic output = 1 W; ultrasonic output duration = 50 us; bonding load = 
100 g. The wires separated even when the wire bonding temperature was lowered to 100°C. 

25 (Thermal shock test) 

In the thermal shock test conducted in the same way as in Example 1 . disconnection occurred at the solder joints 
after about 100 test cycles. Disconnection was also seen in the conduction test of the circuits including interstitial via 
holes in the board. 

30 As described above, according to the insulating varnish producing method in the third embodiment of the present 
invention, it is possble to prevent the electrical insulating whiskers from existing in the form of aggregates in the 
whisker-incorporated adhesive film, thus elevating insulation reliability of the adhesive film. The adhesive film obtained 
by using the insulating varnish produced according to the third embodiment of the present invention is indebted for its 
realization to the addition of electrical insulating whiskers which made it possible to shape the epoxy resin prepregs into 

as a sheet, and the printed circuit boards made by using such adhesive films have good circuit workability because of their 
flat surface, high packaging reliability because of high rigidity, excellent wire bonding workability because of high sur- 
face hardness, and improved dimensional stability because of small thermal expansion coefficient. This embodiment of 
the present invention, therefore, greatly contributes to the realization of higher packaging density, smaller size, higher 
reliability and lower cost of the multilayer printed circuit boards. 

40 

Example 7 
(varnish) 

45 . In a thermosetting resin comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 
1 ,200: epoxy equivalent: 208), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxy! equiv- 
alent: 1 18), 0.5 part by weight of 2-ethyl-4-methylimidazole as curing accelerator and 70 parts by weight of methyl ethyl 
ketone, the aluminum borate whiskers having an average diameter of 0.8 urn and an average fiber length of 20 *im were 
blended in an amount of 90 parts by weight per 100 parts by weight of the resin solids and stirred until a slurry of said 

so., whiskers was formed. 

This slurry was mixed and milled by a batch type zirconia-made beads mill for 90 minutes and then passed through 
a 200-mesh nylon fitter to separate the beads, and the milled varnish was deaerated by a vacuum dryer to obtain an 
insulating varnish. 

55 (Adhesive film) 

This insulating varnish was knife coated on the 1 8 um thick copper foils and the 50 urn thick PET films and dried by 
heating at 150°C for 10 minutes to half cure the resins while removing the solvent to obtain the copper-foiled adhesive 
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films having an adhesive layer thickness of 50 urn and 100 urn and the PET Mm-attached adhesive 2™ having i an 
adTes^yer thickness of 50 M m and 100 ^m. PET film was peeled off from the PET film-attached adhere Mm £ 
otSe 50 Vn thick and 100 ^ thick adhesive films comprising whiskers and half-cured epoxy res,n wrth a wtusker 
volume fraction of 30%. . 

The thus produced copper-foiled adhesive films could be cut clean without causing scatter** of resin by a cuttng 
knife and Shears showednoliability to blocking and had good harming qu^ 

^£pET«£ SSd insulating varnish suffered no trouble such as break during peeling of the PETMm i and nor- 
SSSbe^ clean wrthout causing scattering of resin by a cutting knife and shears, remained free from 
blocking and had good handling qualities. 

(Galvanic corrosion test) 

insulation resistance of the test pieces measured in the same way as in Example 5 was over 10 9 ft which con- 
firmed excellent galvanic corrosion resistance of said adhesive films. 

(Bending modulus) 

Bending modulus of the copper-clad laminate made by using said 100 M m thic* adhesive f ^".«""'™^ 
in Example 5. as measured by a three-point bending test, was 20 GPa (average of measurements .n the longrtudmal 
so and transverse directions, without copper foil). 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 10-piece assembly 
25 of said copper-clad laminates was less than 20 |im. 

(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was made by using said 50 ^ adhesive frtm in i the 
same wav as in Sample 5, and its surface roughness was measured by a feeler type surface roughness tester. As a 
3 X kSaSmeasurement on the outer layer surface on a 25 mm long straight line including the porton hav- 
noteinn* toyer circuit immediately therebelow and the portion having no such circuit, the 10-po.nt average of levd 
SeTicTb^en sakl portions was less than 3 urn. floating excellent surface flatness suited for crcurt workmg of 

^ Usir^is multilayer copper-clad laminate having inner layer circuits, a 1 0-layer printed circuit board was manufac- 
tured in the same way as in Example 5. 

(Test of multilayer printed circuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and be^ngrnodulus 
were measured according to TMA and bending mode DMA. respectively. The mean thermal expanaon coefficient of 
rhe lc^Sa^transterse directions was 10 ppnVC (at norma, temperature) and the mean bendjng modulus of 
2 2 transverse directions was 60 GPa at norma, temperature and 40 GPa at an e.eva ed emperahje 

(200»C). Barcol surface hardness of the boaid was 65 at normal temperature and 50 at an elevated temperature 

45 (2 °°t2Lg this multilayer copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was manufac- 
tured in the same way as in Example 5. 

(Test of multilayer printed circuit board) 

A oart of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bendingmodulus 
were measured acceding to TMA and bending mode DMA. respectively. The mean thermal expansion coefficient of 
5S and transverse directions was 10 ppnVC (at normal temperature) and the mean bending modulus of 
he toSSZ and transverse directions was 60 GPa at normal temperature was 40 GPa at an elevated temperature 
SfSS of the board was 65 at norma, temperature and 50 at an elevated temperature 

(200°C). 
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(Wire bonding workability) 

Wire bonding could be conducted in a satisfactory way with said 10-layer printed circuit board in accordance with 
the method of Example 1. 

(Thermal shock test) 

In the thermal shock test conducted on said 10-layer printed circuit board in the same way as in Example 1 . no trou- 
ble such as disconnection occurred at the solder joint seven after 2,000 test cycles. 

Also, there was observed no trouble such as disconnection in the conduction test of the circuits including interstitial 
via holes in the board. 



Example 8 
is (Varnish) 

In a thermosetting resin comprising 70 parts by weight of a salicylaldehyde novolak epoxy resin (molecular weight: 
1 000- epoxy equivalent: 1 80). 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxylequiv- 
aient 'l 18) 0 5 part by weight of N-methylimidazole ascuring accelerator and 70 parts by weight of methyl elhyl ketone. 
20 the aluminum borate whiskers having an average diameter of 0.8 pm and an average fiber length of 20 pnv were 
blended in an amount of 90 parte by weight per 100 parts by weight of the resin solids and stirred until a sluny of said 

whiskers was formed. 1L . . 

This slurry was mixed and milled by a batch type zirconia-made beads mill for 90 minutes and then passed through 
a 200-mesh nylon filter to separate the beads, and the milled varnish was deaerated by a vacuum dryer to obtain an 
25 insulating varnish. 

(Adhesive film) 

This insulating varnish was knife coated on the 1 8 mn thick copper foils and the 50 urn thick PET f Pms and dried by 
heating at 150°C for 10 minutes to half cure the resins while removing the solvent to make the copper-foiled adhesive 
films having an adhesive layer thickness of 50 urn and 100 urn and the PET film-attached adhesive films having an 
adhesive layer thickness of 50 urn and 100 um. PET film was peeled off from the PET-attached adhesive films to obtain 
the 50 jim and 1 00 urn thick adhesive films comprising whiskers and half cured epoxy resin with a whisker volume frac- 
tion of 30% 

The produced copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife 
and shears, were free from blocking and had good handling qualities. Also, the adhesive films made by coating the PET 
films with said insulating varnish suffered no trouble such as break during peeling of the PET film and normal handling, 
could be cut clean without causing scattering of resin by a cutting knife and shears, were free from blocking and had 
good handling qualities. 

(Galvanic corrosion test) 

Insulation resistance of the test pieces made and examined in the same way as in Example 5 was higher than 10 9 
n, which confirmed excellent galvanic corrosion resistance of said adhesive film. 
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(Bending modulus) 

Bending modulus measured by a three-point bending test of the copper-clad laminate made by using said 100 ^m 
thick adhesive film was 20 GPa (average of measurements in the longitudinal and transverse directions, without copper 
so foil). 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0KJrilled 10-piece assembly 
55 of said copper-clad laminates was less than 20 »im. 
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(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was made by using said 50 urn thick adhesive film in 
the same way as in Exarrple 5 and its surface roughness was measured by a feeler type surface roughness tester. As 
5 a result, at the location of measurement on the outer layer surface on a 25 mm long straight line including the portion 
having the inner layer circuit immediately therebelow and the portion having no such circuit, the 10-point average of 
level difference between said portions was less than 3 urn, which endorsed excellent surface flatness suited for circuit 
working of said laminate. 

Using this multilayer copper-dad laminate having inner layer circuits, a 10-layer printed circuit board was made m 
70 the same way as in Example 5. 

(Test of multilayer printed circuit board) 

A part of said multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modu- 
is lus were measured according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient 
of the longitudinal and transverse directions was 10 ppnV°C (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse directions was 60 GPa at normal temperature and 50 GPa at an elevated temperature 
(200°C). Barcol surface hardness of the board was 65 at normal temperature and 55 atan elevated temperature 
(200°C). 

20 

(Wire bonding workability) 

Wire bonding could be performed in a satisfactory way with said 10-layer printed circuit board according to the 
method of Example 1. 

25 

(Thermal shock test) 

In the thermal shock test conducted on said 10-layer printed circuit board in the same way as in Example 1 . no trou- 
ble such as disconnection occurred at the solder joint seven after 2,000 test cycles. Also, there took place no trouble 
30 such as disconnection in the conduction test of the circuits including interestitial via holes in the board. 

Comparative Example 10 

(Varnish) 

35 

In a resin varnish corrprising 70 parts by weight of a bisphend A novolak epoxy resin (molecular weight: 1 ,200; 
epoxy equivalent: 206), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 
118), 0.5 part by weight of 2-ethyl-4-methylimidazole and 70 parts by weight of methyl ethyl ketone, the aluminum 
borate whiskers having an average diameter of 0.8 um and an average fiber length of 20 um were blended in an amount 
40 of 90 parts by weight per 100 parts by weight of resin solids and stirred until the whiskers were uniformly dispersed in 
the varnish. 

(Adhesive film) 

45 This insulating varnish was knife coated on the 1 8 um thick copper foils and the 50 um thick PET films and dried by 
heating at 150°C for 10 minutes to half-cure the resins while removing the solvent to make the copper-foiled adhesive 
films having an adhesive layer thickness of 50 um and 100 um and the PET film-attached adhesive films having an 
adhesive layer thickness of 50 um and 100 um. PET film was peeled off from the PET film-attached adhesive films to 
obtain the 50 ^m and 100 um thick adhesive films comprising whiskers and half-cured epoxy resin with a whisker vol- 

so ume fraction of 30%. 

The obtained copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife 
and shears, showed no liability to blocking and had good handling qualities. 

Also, the adhesive films obtained by coating the PET films with said insulating varnish suffered no trouble such as 
break during peeling of the PET film and normal handling, could be cut dean without causing scattering of resin by a 
55 cutting knife and shears, showed no liability to blocking and had good handling qualities. 
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(Galvanic corrosion test) 

The galvanic corrosion test pieces were made using said adhesive film having an adhesive layer thickness of 50 
jim and their change in insulation resistance with time when left in an atmosphere of 85°C and 85% RH was observed, 
5 in the same way as in Example 5. Insulation resistance after 250 hours was less than 10 9 a indicating poor galvanic 
corrosion resistance of the adhesive film. 

(Bending modulus) 

w The three-point bending modulus (bending modulus measured by the three-point bending test) of the copper-clad 
laminate obtained by using said 100 urn thick adhesive film in the same way as in Example 5 was 20 GPa (average of 
measurements in the longitudinal and transverse directions). 

(Drilling accuracy) 

15 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 10-piece assembly 
of said copper-clad laminates was less than 20 um. 

(Multilayer printed circuit board) 

20 

Surface roughness of a multilayer copper-dad laminate having inner layer circuits made in the same way as in 
Example 5 was measured by a feeler type surface roughness tester. At the location of measurement on the outer layer 
surface on a 25 mm long straight line including the portion having the inner layer circuit immediately therebelow and the 
portion having no such circuit, the 1 0-point average of level difference between said portions was less than 3 um, point- 
25 ing to excellent surface flatness suited for circuit working of said laminate. 

Using this copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was made in the same 
- way as in Example 5. 

(Test of multilayer printed circuit board) 

30. 

A part of said multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modu- 
lus were measured accorring to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient 
of the longitudinal and transverse directions was 10 ppm/°C (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse Erections was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
35 (200°C). Barcol surface hardness of the board was 65 at normal temperature and 50 at an elevated temperature 
(200°C). 

(Wire bonding workability) 

40 Wire bonding could be conducted in a satisfactory way with said 10-layer printed circuit board according to the 
method of Example 1. 

(Thermal shock test) 

45 In the thermal shock test conducted on said 1 0-layer printed circuit board in the same way as in Example 1 , no trou- 
ble such as disconnection occurred even after 2,000 testcydes. Also, there was observed no trouble such as discon- 
nection in the conduction test of the drcurts including interstitial via holes in the board. 

Comparative Example 1 1 

50 

(Prepreg) 

A resin varnish comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1 ,200; epoxy 
equivalent: 206). 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 118). 
55 0.5 part by weight of 2-ethyl-4-methylimidazole and 70 parts by weight of methyl ethyl ketone was impregnated in the 
50 jim and 100 jim thick pieces of glass cloth and dried by heating at 150°C for 10 minutes to half cure the resins while 
removing the solvent to make the 70 um and 120 um thick epoxy prepregs comprising glass doth and half-cured epoxy 
resin. 
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These prepregs, when cut by a cutting knife and shears, caused scattering of resin. 
(Galvanic corrosion test) 

.nsutetion resistance of the test pieces measured in the same way as in Comparative Example 8 was higher than 
10* Z ZSl S55 galvanic corrosion resistance of the cued products of sad epoxy prepregs. 

(Bending modulus) 

The threes bending modulus of Ihe copper-dad laminate made by ^ J^^J* *"* «" 
8 Gfi (averagTof measurements in the longitudinal and transverse d.recbons, wrthout copper to.1). 

(Drilling accuracy) 

Positional discrepancy between me holes in the top and bottom te rninates <>f a 0.3 mrr^<fri..ed 10^iece assemWy 
of said copper-clad laminates was greater than 50 ^m. 

(Multilayer printed circuit board) 

60 myites to make a muttilayer copper-clad laminate a feeler type suriace roughneS s tester. 

Ltd. , but the glass portion could not be removed. 
Corrparative Example 12 
35 (Adhesive film) 

epoxypolyniervrcuMb^ 

Te^^ 

dling and could be cut dean without causing scattering of resin by a cutfcng knrfe and shears, but they were UaHe to 
blocking and had poor handling qualities. 

so (Galvanic corrosion test) 

.nation resistance of the test pieces measured in the same way as in Example 5 was higher than 1 0* a indicat- 
ing excellent galvanic corrosion resistance of said adhesive films. 

55 (Muttilayer printed circuit board) 

^ ca lim adhesive film was placed on both sides of the interlayer substrate manufactured in Comparative 
Exan^eS.^on*eo h Se^ 
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per foil so that its roughened side would face the adhesive film, followed by hot pressure molding of the assembly under 
the conditions of 1 75°C, 2 MPa and 60 minutes to make a multilayer copper-clad laminate having inner layer circuits. 

Surface roughness of this multilayer copper-clad laminate was determined by a feeler type surface roughness 
tester. At the location of measurement on the outer layer surface on a 25 mm straight line including the portion having 
s the inner layer circuit immediately therebelow and the portion having no such circuit, the 10-point average of level dif- 
ference between said portions was less than 3 >im, indicating excellent surface flatness suited for circuit working of said 
laminate. 

Using this multilayer copper^lad laminate having inner layer circuits, a 10-layer printed circuit board was made in 
the same way as in Example 5. 

10 

(Test of multilayer printed circuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were measured according to 7MA and bending mode DMA, respectively. The mean thermal expansion coefficient of 
15 the longitudinal and transvese directions was 30 ppm/°C (at normal temperature) and the mean bending modulus of the 
longitudinal and transverse directions was 20 GPa at normal temperature and 10 QPa at an elevated temperature 
(200°C). Barcol surface hardness of the board was 30 at normal temperature and 10 at an elevated temperature 
(200°C). 

20 (Wire bonding workability) 

Bare chips were mounted at a part of said 10-layer printed circuit board and connected to the surface circuits by 
wire bonding. Wire bonding was conducted under the conditions of ultrasonic output = 1 W; ultrasonic output duration 
= 50 us; bonding load = 1 00 g. Separation of the wires took place even when the wire bonding temperature was lowered 

25 tOlOO°C. 

(Thermal shock test) 

In the thermal shock test conducted in the same way as in Example 1 , disconnection occurred at the solder joints 
after around 100 test cycles. There was also noted disconnection in the conduction test of the circuits inclucfing intersti- 
tial via holes in the board. 

As described above, according to the insulating varnish producing method in the fourth embodiment of the present 
invention, it is possible to prevent the electrical insulating whiskers from existing in the form of aggregates in the whisk- 
ers-incorporated adhesive film, thereby elevating insulation reliability of the adhesive film. The insulating material 
obtained by using the insulating varnish produced according to the fourth embodiment of the present invention is 
indebted for its realization to the addition of electrical insulating whiskers which made it possble to shape the epoxy 
resin prepregs into a sheet, and the printed circuit boards using this insulating material have good circuit workability 
because of flat surface, high packaging reliability because of high rigidity, good wire bonding workability because of high 
surface hardness, and excellent dimensional stability because of small thermal expansion coefficient. Thus, this 
embodiment of the present invention greatly contributes to the realization of higher packaging density, smaller size, 
higher reliability and lower cost of the multilayer printed circuit boards. 

Example 9 

45 (Varnish) 

In a resin varnish comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1.200; 
epoxy equivalent: 208), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxy! equivalent: 
118). 0.5 part by weight of 2-ethyl-4-methylimidazole and 70 parts by weight of methyt ethyl ketone, the aluminum 
so borate whiskers having an average diameter of 0.8 ^m and an average fiber length of 20 were blended in an amount 
of 90 parts by weight per 100 parts by weight of resin solids and stirred until a slurry of said whiskers was formed. 

This slurry was mixed and milled by passing it twice through an alumina-made three-roll mill and deaerated by a 
vacuum dryer to obtain an insulating varnish. 

55 (Adhesive film) 

This insulating varnish was knife coated on the 18 urn thick copper foils and the 50 urn thick PET films and dried by 
heating at 150°C for 10 minutes to half cure the resins while removing the solvent to make the copper-foiled adhesive 
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15 



film* having an adhesive layer thickness of 50 urn and 100 um and the PET film-attached adhesive films having an 
e layer thickness of 50 ,im and 1 00 jim. PET film was peeled off from the PET film-attached adhesive films to 
e 50 urn and 100 urn thick adhesive films comprising whiskers and half-cured epoxy resin with a whisker vol- 
ition of 30%. 

- produced copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife 
a •« snears, showed no liability to blocking and had good handling qualities. Also, the adhesive films obtained by coating 
the PET films with said insulating varnish suffered no trouble such as break during peeling of the PET film and normal 
handling, could be cut clean without causing scattering of resin by a cutting knife and shears, showed no lability to 
blocking and had good handling qualities. 

(Galvanic corrosion test) 

Insulation resistance of the test pieces measured in the same way as in Example 5 was higher than 1 0 9 Si. indicat- 
ing excellent galvanic corrosion resistance of said adhesive films. 

(Bending modulus) 

The three-point bending modulus of the copper-clad laminate made by using said 100 urn thick adhesive film in the 
same way as in Exanple 5 was 20 GPa (average of measurements in the longitudinal and transverse directions). 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 1 0-piece assembly 
of said copper-clad laminates was less than 20 jiin. 

(Multilayer printed circuit board) 

Surface roughness of a multilayer copper-clad laminate having inner layer circuits made by using said 50 fim thick 
adhesive f Mm in the same way as in Example 5 was measured by a feeler type surface roughness tester. At the location 
of measurement on the outer layer surface on a 25 mm long straight line including the portion having the inner layer 
circuit immediately therebelow and the portion having no such circuit, the 10-point average of level difference between 
said portions was less than 3 urn indicating excellent surface flatness suited for circuit working of said laminate. 

Using this multilayer copper-dad laminate having inner layer circuits, a 10-layer printed circuit board was made in 
the same way as in Example 5. (Test of multilayer printed circuit board) 

A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
were determined according to TMA and bending mode DMA. respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 10 ppnVC (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse directions was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
(200°C). Barcol surface hardness of the board was 65 at normal temperature and 50 at an elevated temperature 
40 (200°C). 

(Wire bonding workability) 

Wire bonding could be performed in a satisfactory way with the 10-layer printed circuit board according to the 
45 method of Example 1. 

("Thermal shock test) 

In the thermal shock test conducted in the same way as in Example 1, no trouble such as disconnection occured 
at the solder joints even after 2.000 test cycles. Also, there was seen no trouble such as disconnection in the conduction 
test of the circuits inducing interstitial via holes in the board. 
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Example 10 
55 (Varnish) 



In a resin varnish comprising 70 parts by weight of a salicylaldehyde novolak epoxy resin (molecular weight: 1 .000; 
epoxy equivalent: 1 80). 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 
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118) 0 5 part by weight of N-methylimidazoie and 70 parts by weight of methyl ethyl ketone, the aluminum borate 
whiskers having an average diameter of 0.8 M m and an average fiber length of 20 \im were blended in an amount of 90 
parts by weight per 1 00 parts by weight of resin solids and stirred until a slurry of said whiskers was formed. 

This slurry was milled by passing it twice through an alumina-made three-roll mill and deaerated by a vacuum dryer 
s to obtain an insulating varnish. 

(Adhesive film) 

This insulating varnish was knife coated on the 18 ^m thick copper foils and the 50 ^m thick PET films and dried by 
w heating at 150°C for 10 minutes to half cure the resins while removing the solvent to make the copper-foiled adhesive 
films having an adhesive layer thickness of 50 urn and 100 pm and the PET film-attached adhesive films having an 
adhesive layer thickness ol 50 urn and 100 >im. PET film was peeled off the PET film-attached adhesive films to obtain 
the 50 urn and 1 00 ^m thick adhesive films comprising whiskers and half-cured epoxy resin with a whisker volume frac- 
tion of 30%. . . . ^ ^ 
is The thus obtained copper-foiled adhesive f Oms could be cut clean without causing scattering of resin by a cutting 
knife and shears, were free from blocking and had good handling qualities. Also, the PET film-attached adhesive films 
suffered no trouble such as break during peeling of the PET film and normal handling, could be cut dean without caus- 
ing scattering of resin by a cutting knife and shears, were free from blocking and had good handling qualities. 

20 (Galvanic corrosion test) 

Insulation resistance of the test pieces measured in the same way as in Example 5 was higher than 10 9 O, indicat- 
ing excellent galvanic corrosion resistance of said adhesive film. 

25 (Bending modulus) 

The three-point bending modulus of the copper-clad laminate obtained by using said 1 00 M m thick adhesive f im in 
the same way as in Example 5 was 20 GPa (average of measurements in the longitudinal and transverse directions, 
without copper foil). 

30 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0-drilled 1 0-piece assembly 
of said copper-clad laminates was less than 20 >im. 

35 

(Multilayer printed circuit board) 

A multilayer copper-clad laminate having inner layer circuits was manufactured by using said 50 jim thick adhesive 
film in the same way as in Example 5 and its surface roughness was measured by a feeler type surface roughness 
40 tester At the location of measurement on the outer layer surface on a 25 mm long straight line including the portion hav- 
ing the inner layer circuit immediately therebelow and the portion having no such circuit the 10-point average of level 
difference between said portions was less than 3 urn, indicating excellent surface flatness suited for circuit working of 

said laminate. . . , 

Using this multilayer copper-clad laminate having inner layer circuits, a 10-layer printed circuit board was made in 

45 the same way as in Example 5. 

(Test of multilayer printed circuit board) 



A part of this multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modulus 
so were determined according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient of 
the longitudinal and transverse directions was 10 ppnVC (at normal temperature) and the mean bending modulus of 
the longitudinal and transverse ejections was 60 GPa at normal temperature and 50 GPa at an elevated temperature 
(200°C). Barcol surface hardness of the board was 55 at normal temperature and 55 at an elevated temperature 
(200°C). 

55 

(Wire bonding workability) 

Wire bonding could be performed in a satisfactory way with said 10-layer printed circuit board according to the 
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method of Example 1. 
normal shock test) 

In the thermal shock test conducted in the same way as in Example 1 , no trouble such as disconnection occurred 
at the solder joints even after 2,000 test cycles. Also, there took place no trouble such as disconnection in the conduc- 
tion test of the circuits including interstitial via holes in the board. 

Comparative Example 13 

(Varnish) 

In a resin varnish comprising 70 parts by weight of a bisphend A novolak epoxy resin (molecular weight: 1 ,200; 
epoxy equivalent: 206), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 
118) 0 5 part by weight of 2-ethyl-4-methyl imidazole and 70 parts by weight of methyl ethyl ketone, the aluminum 
borate whiskers having an average diameter of 0.8 urn and an average fiber length of 20 um were blended in an amount 
of 90 parts by weight per 100 parts by weight of resin solids and stirred until the whiskers were uniformly dispersed in 
the varnish. 

20 (Adhesive film) 

This insulating varnish was knife coated on the 1 8 urn thick copper foils and the 50 >im thick PET films and dried by 
heating at 150°C for 10 minutes to half cure the resins while removing the solvent to make the copper-foiled adhesive 
films having an adhesive layer thickness of 50 urn and 100 ^m and the PET film-attached adhesive films having an 
adhesive layer thickness of 50 >im and 100 jim. PET film was peeled off from the PET film-attached adhesive films to 
obtain the 50 urn and 100 urn thick adhesive films comprising whiskers and half-cured epoxy resin with a whisker vol- 
ume fraction of 30%. . , _ ... 

The produced copper-foiled adhesive films could be cut clean without causing scattering of resin by a cutting knife 
and shears, kept free from blocking and had good handling qualities. 

The PET film-attached tarns suffered no trouble such as break during peeling of the PET film and norma! handling, 
could be cut clean without causing scattering of resin by a cutting knife and shears, kept free from blocking and had 
good handling qualities. 

(Galvanic corrosion test) 

A galvanic corrosion test piece was made by using said 50 jim thick adhesive film in the same way as in Example 
5 50 V was applied across the inner and outer layer electrodes and the change with time of insulation resistance of the 
test piece was examined in an atmosphere of 85°C and 85% RH. As a result, insulation resistance after 250 hours from 
start of the test was less than 10 9 n, indicating poor galvanic corrosion resistance of said adhesive film. 
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(Bending modulus) 

The three-point bending modulus of the copper^lad laminate made by using said 100 urn thick adhesive film in the 
same way as in Example 5 was 20 GPa (average of measurements in the longitudinal and transverse directions, without 
45 copper foil). 

(Drilling accuracy) 

Positional discrepancy between the holes in the top and bottom laminates of a 0.3 mm0<lrilled 10-piece assembly 
so of said copper-clad laminates was less than 20 urn. 

(Multilayer printed circuit board) 



55 



A multilayer copper-clad laminate having inner layer circuits was made by using said 50 urn thick adhesive film in 
the same way as in Example 5 and its surface roughness was measured by a feeler type surface roughness tester. As 
a result, at the location of measurement on the outer layer surface on a 25 mm straight line including the portion having 
the inner layer circuit immediately there below and the portion having no such circuit, the 10-point average of level dif- 
ference between said portions was less than 3 urn. indicating excellent surface flatness suited for circuit working of said 
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laminate. 

Using this copper-dad laminate having inner layer circuits, a 1 0-layer printed circuit board was manufactured in the 
same way as in Example 5. 

5 (Test of multilayer printed circuit board) 

A part of said multilayer printed circuit board was cut out and its thermal expansion coefficient and bending modu- 
lus were determined according to TMA and bending mode DMA, respectively. The mean thermal expansion coefficient 
of the longitudinal and transverse directions was 10 pprrv*C (at normal temperature) and the mean bending modulus of 
io the longitudinal and transverse directions was 60 GPa at normal temperature and 40 GPa at an elevated temperature 
(200°C). Barcol surface hardness of the board was 65 at normal temperature and 50 at an elevated temperature 
(200°C). 

(Wire bonding workability) 

75 

Wire bonding could be performed in a satisfactory way with said 1 0-layer printed circuit board according to the 
method of Example 1. 

(Thermal shock test) 

20 

In the thermal shock test conducted in the same way as in Example 1 , no trouble such as disconnection occurred 
at the solder joints even after 2,000 test cycles. 

Also, there took place no trouble such as disconnection in the conduction test of the circuits including interstitial via 
holes in the board. 

25 

Comparative Example 14 
(Prepreg) 

30 A resin varnish comprising 70 parts by weight of a bisphenol A novolak epoxy resin (molecular weight: 1 ,200; epoxy 
equivalent: 206), 30 parts by weight of a bisphenol A novolak resin (molecular weight: 700; hydroxyl equivalent: 118), 
0.5 part by weight of 2-ethyl-4-methylimidazole and 70 parts by weight of methyl ethyl ketone was impregnated in the 
50 urn and 100 fim thick pieces of glass cloth and dried by heating at 150°C for 10 minutes to half cure the resins while 
removing the solvent to make the 60 nm and 1 10 urn thick epoxy prepregs comprising glass cloth and half-cured epoxy 

35 resin. 

The produced prepregs, when cut by a cutting knife and shears, caused scattering of resin. 
(Galvanic corrosion test) 

40 On the copper foil surfaces on both sides of a 0.8 mm thick double-sided copper-clad glass-reinforced epoxy lam- 
inate, an etching resist pattern was formed to a configuration that would provide an inner layer electrode for use in the 
galvanic corrosion test, then the unnecessary part of each copper foil was removed by etching, and an epoxy prepreg 
having an insulating layer thickness of 60 urn and an 18 urn thick single-sided roughened copper foil were laminated on 
both sides thereof so that the epoxy prepreg would contact the electrode-forming pattern, followed by hot pressure 

45 molding of the assembly under the conditions of 1 75°C, 2 MPa and 60 minutes. 

Then, at the part of the resulting laminate which was positioned in registration with the inner layer electrode pattern, 
there was formed by etching a pattern designed to provide an outer layer electrode to obtain a galvanic corrosion test 
piece. 50 V was applied accross these inner and outer electrodes and insulation resistance of the laminate after having 
been left in an atmosphere of 85°C and 85% RH for 1 ,000 hours was measured. It was higher than 1 0 9 Q confirming 

so excellent galvanic corrosion resistance of the cured products of said epoxy prepregs. 

(Bending modulus) 

An 18 jim thick single-sided roughened copper foil was laminated on both sides of said 100 urn epoxy prepreg so 
55 that the roughened side of said copper foil would face the prepreg. and hot-pressure molded under the conditions of 
1 75°C, 2 MPa and 60 minutes. 

The copper foils of the obtained copper-clad laminate were etched away and bending modulus of the laminate was 
measured by a three-point bending test. It was 8 GPa (average of measurements in the longitudinal and transverse 
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directions). 
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(Drilling accuracy) 

Positional discrepancy between the ho.es in the top and bottom la m,nates o» a 0.3 mm0<lril.ed 10-piece assembly 
of said copper-clad laminates was greater than 50 ^m. 

(Multilayer printed circuit board) 

b^ee* s«d port«* " , "lr' COOM , w o, flayer oec*»W lamrw. !**! tax W» *• 

S«iSL size, higher reliability and lower cost of the multilayer pnnted crcut boards. 
Example 11 

A silane coupling agent A-187 (trade name of ^lycidoxypropylmethoxysilane produced by I^W-Cj. 

one-hour stirring at room temperature to prepare a treated filler solution. 
Example 12 



f iller solution. 
50 Example 13 



55 



A titanate coupling agent KR46B (trade name of isopropyltris(cioclylpyrop^hate) ttanate produced byAji- 
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Example 14 

i 

0.47 g of acetic acid and 18.9 g of distilled water were added to a solution of 40 g of tetramethoxysilane and 93 g 
of methanol in a glass flask provided with a stirrer, a condenser and a thermometer, and stirred at 50°C for 8 hours to 
5 synthesize a silicone oligomer. The average number of thesiloxane repeating units of the obtained silicone oligomer 
was 20. Methyl ethyl keton was added to this silicone oligomer solution to prepare a treating solution with a solid content 
of 5% by weight. In this treating solution were blended 60% by weight of aluminum borate whiskers having an average 
diameter of 0.8 urn and an average fiber length of 20 \i m, followed by one-hour stirring at room temperature to prepare 
a treated filler solution. 

10 

Example 15 

Similarly to Example 14, 0.53 g of acetic acid and 15.8 g of distilled water were added to a solution of 40 g of tri- 
methoxymethylsilane and 93 g of methanol and stirred at 50°C for 8 hours to synthesize a silicone oligomer. The aver- 
is age number of the siloxane repeating units of the obtained silicone oligomer was 1 5. Methyl ethyl ketone was added to 
this silicone oligomer solution to prepare a treating solution with a solid content of 5% by weight. In this treating solution 
were blended 60% by weight of aluminum borate whiskers having an average diameter of 0.8 urn and an average fiber 
length of 20 urn, followed by one-hour stirring at room temperature to prepare a treated filler solution. 

20 Example 16 

Similarly to Example 14, 0.60 g of acetic acid and 14.0 g of distilled water were added to a solution of 34 g of 
dimethoxydimethylsilane, 8 g of tetramethoxysilane and 98 g of methanol and stirred at 50°C for 8 hours to synthesize 
a silicone oligomer. The average number of the siloxane repeating units of the obtained silicone oligomer was 28. 
25 Methyl ethyl ketone was added to this silicone oligomer solution to prepare a treating solution with a solid content of 3% 
by weight. In this treating solution were blended 60% by weight of aluminum borate whiskers having an average diam- 
eter of 0.8 urn and an average ffoer length of 20 urn, followed by one-hour stirring at room temperature to prepare a 
treated filler solution. 

30 Example 17 

Similarly to Example 14, 0.60 g of acetic acid and 17.8 g of distilled water were added to a solution of 20 g of 
dimethoxydimethylsilane, 25 g of tetramethoxy silane and 105 g of methanol and stirred at 50°C for 8 hours to synthe- 
size a silicone oligomer. The average number of the siloxane repeating units of the obtained silicone oligomer was 30. 
35 Methyl ethyl ketone was added to this silicone oligomer solution to prepare a treating solution with a solid content of 5% 
by weight. In this treating solution were blended 60% by weight of aluminum borate whiskers having an average diam- 
eter of 0.8 urn and an average f foer length of 20 urn, followed by one-hour stirring at room temperature to prepare a 
treated filler solution. 

40 Example 18 

Similarly to Example 14, 0.52 g of acetic acid and 18.3 g of distilled water were added to a solution of 20 g of tri- 
methaxymethylsilane. 22 g of tetramethoxy silane and 98 g of methanol and stirred at 50°C for 8 hours to synthesizea 
silicone oligomer. The average number of the siloxane repeating units of the obtained silicone oligomer was 25. Methyl 
45 ethyl ketone was added to this silicone oligomer solution to prepare a treating solution with a solid content of 5% by 
weight. In this treating solution were blended 60% by weight of aluminum borate whiskers having an average diameter 
of 0.8 urn and an average fiber length of 20 ^m, followed by one-hour stirring at room temperature to prepare a treated 
filler solution. 

so Example 19 

Similarly to Example 14, 0.52 g of acetic acid and 16.5 g of distilled water were added to a solution of 10 g of 
dimethoxydimethylsiiane, 10 g of trimethoxymethylsilane. 20 g of tetramethoxysilane and 93 g of methanol and stirred 
at 50°C for 8 hours to synthesize a silicone oligomer. The average number of the siloxane repeating units of the 
55 obtained silicone oligomer was 23. Methyl ethyl ketone was added to this silicone oligomer solution to prepare a treating 
solution with a solid content of 5% by weight. In this treating solution were blended 60% by weight of aluminum borate 
whiskers having an average diameter of 0.8 jim and an average fiber length of 20 jim. followed by one-hour stirring at 
room temperature to prepare a treated filler solution. 
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Example 20 

Similarly to Example 1 4, 0.34 g of acetic acid and 13.8 g of distilled water were added to a solution of 40 g of tetra- 
ethoxysilane and 93 g of methanol and stirred at 50°C tor 8 hours to synthesize a silicone oligomer. The average 
5 number of the siloxane repeating units of the obtained silicone oligomer was 19. Methyl ethyl ketone was added to this 
silicone oligomer solution to prepare a treating solution with a solid content of 5% by weight. In this treating solution 
were blended 60% by weight of aluminum borate whiskers having an average diameter of 0.8 urn and an average fiber 
length of 20 u m, followed by one-hour stirring at room temperature to prepare a treated filler solution. 

10 Example 21 

To the silicone oligomer solution obtained in Example 14 were added a silane coupling agent A-187 (trade name of 
v-glycidoxypropyltrimethoxysilane produced by Nippon Unicar Co., Ltd) and methyl ethyl ketone to prepare a treatong 
solution with a solid content of 5% by weight (silicone oligomer : A-187 = 50 : 50). In this treating solution were blended 
15 60% by weight of aluminum borate whiskers having an average diameter of 0.8 jim and an average f ber length of 20 \i 
m, followed by one-hour stirring at room temperature to prepare a treated filler solution. 

Example 22 

To the silicone oligomer solution obtained in Example 14 were added a titanate coupling agent KR-46-B (trade 
name of isopropyltris(dioctylpyrophosphate) titanate produced by Ajinomoto Co.. Lid.) and methyl ethyl ketone to pre- 
pare a treating solution with a solid content of 5% by weight (silicone oligomer : KR-46-B = 50 : 50). In this treating solu- 
tion were blended 60% by weight of aluminum borate whiskers having an average diameter of 0.8 jim and an average 
fiber length of 20 n m, followed by one-hour stirring at room temperature to prepare a treated filler solution. 

(Varnish resin composition A) 

The solutions obtained in Examples 11 to 22 were heated to 50°C. and the following resins were added to these 
solutions in the amounts shown below per 300 parts by weight of the solutions to prepare the varnishes with a solid con- 
30 tent of 75% by weight: 



20 



25 







parts by weight 


35 


Bisphenol A novolak epoxy resin (epoxy equivalent: 210) 


100 




Bisphenol A novolak resin (hydroxy! equivalent 123) 


40 




Tetrabrominated bisphenol A (hydroxy! equivalent: 272) 


40 


40 


Imidazole-based curing accelerator 


0.5 



(Varnish resin composition B) 

45 To 400 parts by weight of the 50°C Examples 1 1-22 solutions were added the following resins in the amounts 
shown below and 100 parts by weight of methyl ethyl ketone to prepare the varnishes with a solid content of 65% by 
weight: 





parts by weight 


Bisphenol A novolak epoxy resin (epoxy equivalent: 210) 


100 


Brominated phenoxy resin (epoxy equivalent: 12,940) 


70 


Bisphenol A novolak resin (hydroxy! equivalent 123) 


40 


Tetrabrominated bisphenol A (hydroxy! equivalent: 272) 


30 
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(continued) 



! 


parts by weight 


Imidazoie-based curing accelerator 


0.5 



5 

Comparative Example 15 

A varnish was produced by following the procedure of Example 1 1 using as electrical insulating whiskers untreated 
aluminum borate whiskers having an average diameter of 0.8 fun and an average ffoer length of 20 urn which have not 
10 been treated with a solvent solution. 

Comparative Example 16 

In the varnish of Comparative Example 15 was blended 2 parts by weight of a silane coupling agent A-187 (trade 
75 name of y-glycidoxypropyltrimethoxysilane produced by Nippon Unicar Co., Ltd.). 

Comparative Example 17 

A varnish was produced by following the same procedure as Example 1 1 except that the aluminum borate whiskers 
20 having an average diameter of 0.8 *im and an average fiber length of 20 *im were treated using an epoxy-modif ied sili- 
cone oil KF-101 (a trade name, produced by Shin-Etsu Chemical Industries Co., Ltd.) in place of the silane coupling 
agent. 

Comparative Example 18 

25 

Silane coupling agent A-187 (trade name of rglycidoxypropyrtrimethoxysilane produced by Nippon Unicar Co.. 
Ltd.) was dissolved in methanol to prepare a treating solution with a solid content of 1% by weight In this solution, the 
aluminum borate whiskers having an average diameter of 0.8 urn and an average fiber length of 20 *im were immersed 
with stirring at room temperature for one hour and then dried at 120°C for one hour to effectuate surface treatment. 
30 Using the thus treated aluminum borate whiskers, a varnish was produced in the same way as in Example 1 . 

Comparative Example 19 

A thermosetting resin mainly composed of the same resins as used in Example 1 1 was impregnated in the 50 jim 
35 and 1 00 ^im thick pieces of glass cloth and dried by heating at 1 50°C fpr 1 0 minutes to half cure the resins while remov- 
ing the solvent to make the 50 urn and 100 \im thick glass-reirrtorced epoxy prepregs comprising glass cloth and half 
cured epoxy resin. 

Comparative Example 20 

AO 

A thermosetting resin having film forming properties mainly composed of a high-molecular weight epoxy polymer 
having a weight-average molecular weight of 50,000 and a bisphenol A epoxy resin was knife coated on an 18 pm thick 
copper foil and a 50 jim thick PET film and dried by heating at 150°C for 10 minutes to half cure the resins while remov- 
ing the solvent to make a copper-foiled insulating material comprising half-cured epoxy resins with an insulating layer 

45 thickness of 50 and a 50 thick adhesive film comprising half-cured epoxy resins, the latter film being obtained 
by peeling the PET film off from the base. 

The insulating varrtshes produced in Examples 11-22 and Comparative Examples 15-18 were respectively knife 
coated on the 1 8 urn thick copper foils and the 50 jam thick PET films and dried by heating at 1 50°C for 1 0 minutes to 
half cure the resins while removing the solvent to make the copper-foiled insulating materials with an insulating layer 

so thickness of 50 urn and 1 00 \im comprising whiskers and half cured epoxy resin with a whisker volume fraction of 30%, 
and a 50 jim thick insulating material comprising half-cured epoxy resin, which was obtained by peeling the PET film off 
from the base. 

The produced insulating materials were evaluated with regard to the following items. 
55 (Handling qualities of B-stage film) 

Handling qualities were indicated by O mark for ^ e insulating material which could be cut clean without causing 
scattering of resin and showed no liability to blocking, and X mark for the other insulating materials. 
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(Cured product properties) 

The copper-foiled insulating materials having an insulating layer thickness of 50 pm produced in themarmer 
described dbove were placed one on the other so that the insulating layers of the respective materials wouW face each 
o"eTaS^eSure P molded. After molding, the copper foil portton was removed by etching to drtair, i the c^ecjve 
resin plate, and its elastic modulus and thermal expansion coefficient were determined according to TMA and DMA n 
tensile mode, respectively. 

(Galvanic corrosion resistance test) 

On a 0.8 urn thick double-sided copper-clad glass-reinforced epoxy laminate was famed, by et ching a pattern des- 
inged to prov.de the inner layer electrode for the corrosion test, and on both sdes thereof was further ^natedsarf 
S£SSw insulating materia, with an insulating layer thickness of 50 ,m so that the^^mater^ <^«™ 
Sinner layer electrode pattern, followed by hot pressure molding of the assembly. At the f*^^*^"^' 3 ^ 
rate which was positioned in registration with said inner layer electrode pattern, there was formed by etchjng a pattern 
Sgedto P^oe the outer layer electrode, thus making a galvanic corrosion test piece. 50 V was applied accross 
sSTer and outer layer electrodes, and insulation resistance of the laminate was measured afterleavng rt m an 
atmosphere of 85'C and 85% RH for 1.000 hours In evaluation of insulation resistance. O mark was given to the sam- 
ples which showed insulation resistance higher than 10 9 ft and X mark to the other samples. 

(Surface roughness) 

An 18 urn thick single-sided roughened copper foil was laminated on both sides of said 100 urn 
epoxy resin prepreg so that the roughened side of the copper foil would face the .nsulating matoial followed by hot 
S rrLdirTg. Circuits were formed on the resulting copper-clad laminate, and on both sides thereof was laminated 
t^JTtt* bating materia, of the present invention, and on the' outside thereof was ^Mam,nated an 18 urn 
thick singe-side roughened copper foil so that its roughened side would face the insulating material, followed by hot 
pressure molding to produce a multilayer copper-clad laminate having inner layer circuits. , 

Tud\ce rcShness of this mUtilayer copper-dad laminate was measured by a feeler 
Measurement was made on the outer layer surface on a 25 mm straight line including the portion having the inner layer 
ciSTSmSately therebelow and the portion having no such circuit. The test result *as indicated by O mark when 
the 1 0^nTaverage of level difference between said two portions was less than 3 urn. and X mark when it was deter- 
mined otherwise. 

35 (Reliability-under-heattest) 

A predetermined position of the surface copper foil of the multilayer copper-clad laminate having inner layer circuits 
was etehedtotorma 75^iameter c^^ 

WuSTlS Wtowed £ya smearing treatment with permanganic acid, electroless plating, pattern printng and eteh- 
™ to torn toe circuits. On both sides of this multilayer printed circuit board was laminated a 50 ^ ** ™««><* 
material cTthe present invention, and on the oulsfcte thereof was further laminated an 18 ^ thick sing.e-SK.ed ough- 
3 copper J so that its roughened side would face the insulating material, followed by hot pressure molding to pro- 
duce anTulfilayer copper-dad laminate having inner layer drcuits. A predetermined position of rts surface copper^ 
was etched to tormaTS ^iameter opening, and this opening was laser dnlledl by amrrpad laser rr*L by £umtomo 
Heavy Industries Ltd., followed by a smearing treatment with permanganic aad. electroless plating, pattern pnntng 
ard etching to form the circuits The above operations were repeated to make a 1 0-layer printed circuit board. The sam- 
StS Ld be laser drilled as desired were represented by O mark and those which could not be laser drilled 

bonding Wire bonding was conducted under the following conditions: ultrasonic output = 1 W; ultrasonic output dura- 
loZ bSng load = 100 g; wire bonding temperature = 180°C. The boards with which wire bonding could be 
oerformed in a satisfartory way were marked <> and the other boards were marked X. 

8 mm x 20 mm TSOP's were mounted on said 1 0-layer printed circuit board and connected to toe surface crcurts 
by solder and the TSOP-mounted board was seeded to a -65«Co150°C thermal cyde test The samples were 
maSo 6 when no trouble such as disconnection occurred at toe solder jdnts after 2.000 cycles, and X when such 

tr0 ^e°S!ara?were also subjeded to a conduction test of the circuits including interstitial via holes in the board. The 
boards which suffered no trouble such as disconnection in the test were marked Q and those which suffered such trou- 
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Table 2 





Comp. Examples 








15 


16 


17 


18 




q 


20 


Varnish resin composition 


A 


B 


A 


B 


A 


B 


A 


Q 

D 


A 

M 


R 
D 




Handling qualities of B-stage film 


O 


O 


O 


O 


O 


0 


0 


0 


Y 
A 


V 
A 


O 


Elastic modulus (GPa) 


30°C 


8 


11 


8 


11 


8 


11, 


8 


11 




in 


3 


150°C 


4 


3 


4 


3 


4 


3 


4 


3 


A 
O 


0 


0.005 


Thermal expansion coef- 
ficient (ppm) 


Below Tg 






22 


22 


22 


22 


22 


22 


22 


22 


65 


Above Tg 


50 


50 


50 


50 


50 


50 


50 


50 


40 


40 




Galvanic corrosion r< 


distance test 


X 


X 


X 


X 


X 


X 


X 


X 


O 


O 


O 


Surface roughness 


O 


O 


O 


O 


O 


O 


O 


O 


X 


X 


X 


Wire bonding workability 


O 


O 


O 


O 


O 


O 


O 


O 


O 


O 


X 


Laser workability 


O 


O 


O 


O 


O 


O 


O 


O 


X 


X 


0 


Thermal cycle test 


Solder joints 


O 


O 


O 


O 


O 


O 


O 


O 






X 


Conduction test 


O 


O 


O 


O 


O 


O 


O 


O 






X 



Examples 1 1 to 22 show that the laminates treated according to the process of the present invention are lowered 
in thermal expansion coefficient and elevated in galvanic corrosion resistance without their specific properties being 
affected, as compared with the non-treated laminates. 

The insulating varnish according to the sixth embodiment of the present invention is capable of improving dispers- 

30 ibility of filler whiskers and adhesive force at the interfaces as such varnish is produced by directly blending resin mate- 
rial in a treating solvent solution blended with surface-treated electrical insulating whiskers, tt is also possible to lower 
thermal expansion coefficient and elevate insulation reliability of the multilayer printed circuit boards using such 
whisker-incorporated insulating material. The insulating material obtained by using the insulating varnish produced 
according to the sixth embodiment of the present invention owes for its realization to the incorporation of electrical msu- 

35 lating whiskers which made it possible to shape the epoxy prepregs into a sheet, and the printed circuit boards using 
such insulating material are bettered in circuit workability because of flat surface, elevated in packaging reliability 
because of high rigidity, and improved in dimensional stability because of small thermal expansion coefficient. 

As described above, according to the sixth embodiment of the present invention, there are provided a process for 
producing an insulating varnish tor multilayer printed circuit boards capable of realizing higher packaging density. 

AO smaller size, higher reliability and lower cost, insulating varnishes produced from such process, and multilayer printed 
circuit boards using such insulating varnishes. 



Claims 

45 1 . A process for producing an insulating varnish, which comprises adding an ion adsorbent or an organic reagent for 
preventing injury from copper to a resin varnish containing electrical insulating whiskers. 

2. The process according to Claim 1 , wherein the ion adsorbent is an inorganic one and added in an amount of 1 to 
1 0 parts by weight per 1 00 parts by weight of the resin. 

50 

3. A process for producing an insulating varnish, which comprises refining a resin varnish containing electrical insu- 
lating whiskers by pass' n 9 it through a filter. 

4. Tlie process according to Claim 3. wherein the electrical insulating whiskers are ceramic whiskers whose average 
55 diameter is 0.3 to 3.0 urn and average length is 3 to 50 urn. 

5. A process fa producing an insulating varnish, which comprises preparing a slurry of whiskers by stirring said 
whiskers, which show cohesiveness in a dry state, in an organic solvent, and adding this slurry to a resin varnish, 
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followed by further stirring. 

6. The process according to Claim 5, wherein the insulating varnish obtained by adding, stirring and mixing the slurry 
in the resin varnish is further milled by a beads mill to adjust the whisker average length in the range of 3 to 30 um. 

5 

7. A process for producing a multilayer printed circuit board, which comprises making an adhesive film by coating the 
insulating varnish of Claim 5 on a copper foil or a carrier film, laminating this adhesive film on a circuit board having 
inner layer circuits already formed therein, then forming circuits of the outer layer side, and electrically connecting 
them to the inner layer circuits. 

70 

8. A process for producing a multilayer printed circuit board, which comprises making an adhesive film by coating the 
insulating varnish of Claim 6 on a copper foil or a carrier film, laminating this adhesive film on a circuit board having 
inner layer circuits already formed therein, then forming circuits of the outer layer side, and electrically connecting 
them to the inner layer circuits. 

15 

9. A process for producing an insulating varnish, which comprises preparing a slurry of electrical insulating whiskers 
by stirring said whiskers in a resin varnish, and milling this slurry by a beads mill or a three-roll mill. 

1 0. A process for producing a multilayer printed circuit board, which comprises laminating an insulating material, which 
20 has been obtained by coating the insulating varnish described in Claim 9 on a copper toil or a carrier film, on an 

interlayer substrate having inner layer circuits already formed therein, then forming circuits of the outer layer side, 
and electrically connecting them to the inner layer circuits. 

11. The process according to Claim 9, wherein the electricalinsulating whiskers to be milled by a three-roll mill are the 
25 ceramic whiskers having an average diameter of 0.3 to 3 pm and an average length of 3 to 50 urn. 

12. A process for producing an insulating varnish, which comprises blending a resin material in a solution composed 
of electrical insulating whiskers and a solvent solution for treating the surfaces of said whiskers. 

30 1 3. The process according to Claim 1 2, wherein the solvent solution is a solution of a silane coupling agent. 

14. The process according to Claim 12, wherein the solvent solution is a solution of a titanate coupling agent. 

15. The process according to Claim 12, wherein the solvent solution is a solution of a silicone oligomer having two or 
35 more siloxane repeating units and also having at its molecular chain end at least one functional group readable 

with the hydroxy! group on the substrate surface. 

16. The process according to Claim 15, wherein the silicone oligomer is one having at least one siloxane unit selected 
from the group consisting of trifunctional (RSiO^) siloxane units, tetrafunctional (Si0 4/2 ) siloxane units and bifunc- 

40 tionai (R2S1O2/2) siloxane units in the molecule (the R group in the above formula being the same or different 
organic group). 

17. The process according to Claim 16, wherein the silicone oligomer in which the tetrafunctional (RSi0 4y2 ) siloxane 
units is present accounts for 15 mol% or more of the whole units contained in the molecule. 

45 

18. The process according to Claim 16, which further comprises a silane coupling agent. 

19. The process according to Claim 16, which further comprises a titanate coupling agent. 

50 20. A process for producing a multilayer printed circuit board, which comprises laminating an adhesive film, which has 
been obtained by coating the insulating varnish described in Claim 1 on a copper foil or a carrier film, or on a circuit 
board having inner layer circuits already formed therein, then forming circuits of the outer layer side, and electrically 
connecting them to the inner layer circuits. 

55 21 . A process for producing a multilayer printed circuit board, which comprises laminating an adhesive film, which has 
been obtained by coating the insulating varnish described in Claim 3 on a copper foil or a carrier film, on a circuit 
board having inner layer circuits already formed therein, then forming circuits 5f the outer layer side, and electrically 
connecting them to the inner layer circuits. 
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22. A process for producing a multilayer printed circuit board, which comprises laminating an adhesive film, which has 
been obtained by coating the insulating varnish described in Claim 9 on a copper foil or a carrier film, on a circuit 
board having inner layer circuits already formed therein, then forming circuits of the outer layer side, and electrically 
connecting them to the inner layer circuits. 

5 

23. A process for producing a multilayer printed circuit board, which comprises laminating an adhesive film, which has 
been obtained by coating the insulating varnish described in Claim 1 1 on a copper foil or a carrier film, on a circuit 
board having inner layer circuits already formed therein, then forming circuits of the outer layer side, and electricaPy 
connecting them to the inner layer circuits. 

10 

24. A process for producing a multilayer printed circuit board, which comprises preparing an insulating material by coat- 
ing an insulating varnish produced according to the process described in Claim 12 on a copper foil or a carrier 
film.laminating said insulating material on a circuit board having inner layer circuits already formed therein, then 
forming circuits of the outer layer side, and electrically connecting them to the inner layer circuits. 

is 

25. A process for producing a multilayer printed circuit board, which comprises preparing an insulating material by coat- 
ing an insulating varnish produced according to the process described in Claim 1 3 on a copper foil or a carrier film, 
laminating said insulating material on a circuit board having inner layer circuits already formed therein, then forming 
circuits of the outer layer side, and electrically connecting them to the inner layer circuits. 

20 

26. A process for producing a multilayer printed circuit board, which comprises preparing an insulating material by coat- 
ing an insulating varnish produced according to the process described in Claim 1 4 on a copper foil or a carrier film, 
laminating said insulating material on a circuit board having inner layer circuits already formed therein, then forming 
circuits of the outer layer side, and electrically connecting them to the inner layer circuits. 

25 

27. A process for producing a multilayer printed circuit board, which comprises preparing an insulating material by coat- 
ing an insulating varnish produced according to the process described in Claim 1 5 on a copper foil or a carrier film, 
laminating said insulating material on a circuit board having inner layer circuits already formed therein, then forming 
circuits of the outer layer side, and electrically connecting them to the inner layer circuits. 

30 
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